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Abstract 

The development of environmentally and economically viable 

processes for recycling mineral containing effluents is an 

important modern-day challenge. When treating mine waters 

we should aim at selective recovery of valuable components 

in the form of products whose matrix is similar to that of ore 

beneficiation concentrates or other components of the melting 

furnace charge. 

It is possible to efficiently treat mine waters by using 

processes comprising both conventional water treatment 

methods and hydrometallurgical solution treatment 

techniques. We have made an experimental comparison of 

processes of recovery of copper and zinc from hard sulphate 

waters of some copper mines located in the Urals. Effluent 

waters from different deposits vary in mineralization levels, 

hardness, iron saturation, the ratio of ion concentrations of 

iron with different valences, and concentrations of chalcophile 

metals. We have used a combination of hydrolytic and 

sulphide precipitation, cementation and galvanocoagulation, 

and described the experiment and parameters of the processes 

under investigation. The copper and zinc recovery rate is 45-

99% depending on the method used. A significant factor 

impacting the selective recovery and weight content of metals 

in precipitates obtained by different methods is the ratio of 

concentrations of such metals in mine water. We have 

determined reasonably achievable values of precipitate quality 

in terms of the combined weight content/recovery rate 

criterion. We have also presented the phase composition of 

the precipitates obtained and analysed the usability of such 

products in production operations. We have further set out our 

classification of products of recycling effluent waters based 

on metals’ weight contents and their possible uses in mining 

and metallurgical production. The paper lists key features of 

the mine water treatment processes and presents a comparison 

of technological and economic aspects of such processes 

based on the use of modular treatment facilities. 
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INTRODUCTION 

Mine and mine dump waters at enterprises mining and 

processing copper and copper-zinc sulfide ores, acidify with 

time which increases their metal concentrations. The main 

factor contributing to the waters’ ionic composition is the 

speed of oxidation of sulfides of which the most soluble are 

the minerals of copper, zinc and iron [1]. In the mine dump 

water of the Shemur copper mine and the Tarnier copper-zinc 

mine the concentrations of chalcophile elements reach several 

grams per liter (Table 1), which is typical of the initial, 

unstable period of sulfide oxidation.  

It is important to recycle such waters recovering copper and 

zinc as selective products. In line with the existing practice 

and theoretical research in the area of copper and zinc 

recovery from acidic sulfate mine water we have chosen such 

well-known processes as galvanocoagulation, cementation 

and sulfide precipitation for copper recovery, and sulfide 

precipitation for zinc recovery. The main area of research in 

the field of selective isolation of metals from subsoil waters is 

the adaptation of water purification methods to produce 

products with a high concentration of the extracted 

component. Electrochemical methods, such as electrolysis 

[2,3] using carbon as a cathode, cementation [4-6] and their 

derivative - galvanocoagulation are most often used to 

precipitate copper from multicomponent solutions [7]. The 

extraction of copper by these methods reaches 92-99%. For 

the selective isolation of copper and zinc from acidic drainage 

waters, it is proposed to use hydrolytic [8] and sulphide [9] 

precipitation at a controlled pH. In most works [2-4,7-9], the 

main controlled output parameter is the residual concentration 

of the polluting component in water, and insufficient attention 

is paid to the mass fraction of metal in the sediments and their 

phase composition. 

Table 1: Characteristics of mine dump waters in 2012-13. 

Deposit Average flow 

rate, m3/h 

Content, mg/L рН 

Cu2+
 Zn2+ Fetotal Fe3+  

Tarnier 6.02 402.5-2 082 2 156-8 680 4 075-9 334 1 652.14 – 2 952.16   2.21-2.94 

Shemur 0.45 626.4-2 940 43.12-300.0 3 126.0-1 6512.0 358.65-958.65 1.9-2.4 
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Recently, within the framework of this approach, 

technological schemes have been developed that allow 

processing waste metal-bearing waters of mining enterprises 

to produce metal-containing products suitable for further use 

and recycled water. The schemes using hydrolytic deposition 

methods [10], sulfide precipitation [11], carburization [6,12] 

and ion flotation [13] have been developed. 

In accordance with the existing practice of purifying acidic 

under-water waters [14] and theoretical studies in the 

extraction of copper and zinc from acid sulfate waters of 

mining enterprises [2-13], known methods of galvanic 

coagulation, carburization, and sulphide deposition have been 

chosen to extract copper from the streams. Sulphide 

precipitation was chosen for extraction of zinc. 

The main issues of interest to us in this work were the 

determination of the possibility of sequentially obtaining 

copper and zinc containing sediments with a sufficiently high 

metal content in the implementation of three two-stage 

schemes: cementation-precipitation, galvanocoagulation-

precipitation, sedimentation-precipitation. Just searched for 

simple solutions to increase the content of zinc in the 

sediment. 

 

EXPERIMENT 

The experiments were carried out in a two-stage sequence. 

The first stage involved the precipitation of copper as a 

sulfide, or cemented or ferrite precipitate. The second stage 

involved the precipitation of zinc as a sulfide.  

Cementation was carried out in the flow-through mode using a 

laboratory type cementation drum unit with a 0.08 m diameter 

rotating drum continuously mixing mine water with steel 

chips. The ratio of the drum’s length and width was 3:1, and 

the optimum rotation speed was calculated according to the 

following formulas [16]: 

,             (1) 

where D is the diameter of the drum and is equal to 35.7-69 

rpm. 

The actual rotation speed of the drum under load was 36 and 

64 rpm, controlled by the position of the gears in the reducing 

gear box. The volume of the drum was 1 200 cm3; the ratio of 

the drum’s filling with mine water, 0.32, the weight of the 

cementing metal, 210 g, the volume of water simultaneously 

contained in the drum, 280 cm3, and the scrap load density of 

0.5. 

To prevent accidental errors and determine iron losses, prior 

to each series of experiments the cementation unit was loaded 

with a new portion of degreased charge of a known weight. 

Specially for the experiments a set of equipment was 

assembled comprising a gravity supply tank, a solution flow 

rate regulator, a scrap separator, a primary settling tank for 

cemented copper, a flocculent dosing meter and a secondary 

settling tank for light slurry fractions. 

Galvanocoagulation was carried out using a laboratory type 

drum galvanocoagulator, with the drum diameter of 110 mm, 

length of 350 mm, and the working zone volume of 180 cm3. 

The weight of the galvanocoagulator’s charge was 1 200 g. 

The process parameters were based on our research of water 

recycling at South Urals mining enterprises [17-20]. A 

mixture of iron chips and coke with a size +5-10 mm was 

used as the galvanocoagulator’s charge, with the iron-carbon 

weight ratio of 3:1.  

A set of equipment was assembled for the experiment 

comprising a gravity supply tank, a solution flow rate 

regulator, a galvanocoagulator and an accumulation settling 

tank.  

To prevent accidental errors, prior to each series of 

experiments the galvanocoagulator was loaded with a new 

portion of the charge that was prepared by passing industrial 

water through it for 5-8 hours until it manifested a marked 

reaction for Fe III in the drainage and strong magnetic 

properties of the sediment. The experiment was conducted 

under dynamic conditions, with an analysis made of the liquid 

phase at the exit from the coagulator, and the charge prior to 

and following the contact with the solution. 

Precipitation of the metals with sodium hydrosulfide was 

carried out in accordance with the results described in [7]. The 

consumption of the sulfide reagent was taken as a percentage 

of the stoichiometric value for the reduction of Fe III to Fe (II) 

according to the reaction: Fe2(SO4)3 + NaHS = 2FeSO4 + 

NaHSO4 + S, and the metal’s full precipitation according to 

the reaction: МеSO4 + NaHS  = МеS  + NaHSO4. The 

conditioning with the reagent was performed in plastic 

containers with a working volume of 4 L. The contents were 

stirred for 5-15 minutes, with the sulfide reagent solution 

injected into the water mass closer to the reactor’s bottom. A 

31% concentration sodium hydrosulfate was used as a 

precipitating reagent. The solution was prepared by a 

proportional dilution of the concentrate.  

To speed up the precipitation process a cationic flocculent was 

used.  

The principal analytical methods chosen for the research were 

chemical analysis for solutions and X-ray phase analysis and 

chemical analysis for disperse sediments. Sediment samples 

were analyzed by means of a SHIMADZU XRD-6000 

diffractometer, with a Cu anode and a graphite –

monochromatic. The sampling results were calculated by the 

Peter-Kalman method using ratios taken from table data with 

a maximum diffraction correspondence. To determine the 

quantity of the X-ray amorphous component the addition 

technique was used. Three X-ray photograms were taken in 

the range of 24-30 degrees, following which the average ratio 

of the reflection intensity was calculated. 
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RESULTS AND DISCUSSION 

The results of the experiment have shown that the specific 

consumption of iron during the cementation of water from the 

Tarnier mine is higher than the average consumption of iron 

according to the data of using copper cementation (1.32-3 g of 

iron per gram of copper [22], which is most likely caused by 

the high content of Fe (III) in the mine dump water [16, 23]. 

After acidifying the effluents to рН 2 to slow down the 

process of precipitation of hydroxides and basic iron sulfates, 

iron consumption is reduced. When the copper content in the 

initial mine water rises from 920 to 1250 mg/L (other 

conditions being equal) we witness a gradual increase in the 

copper recovery rate from 88.6 to 93.1% which is caused by 

the shift in the concentration ratio of copper and zinc in favor 

of copper content. The results of recovering zinc from 

decoppered mine water with a consumption of NaHS in the 

stoichiometric range of 115-200% show that an increase in the 

consumption to over 135% leads to an explosive precipitation 

of iron and a decrease of zinc’s weight content in the 

sediment. The optimum consumption is taken to be 120% of 

the stoichiometric value. 

 

Specific consumption of iron during copper cementation from 

the effluent water of the Shemur mine on the whole 

corresponds to the established range of values of the copper 

cementation industrial practice. When the copper content in 

the initial water rises from 876.24  to 2 940.00 mg/L, with the 

relative concentrations of Cu2+, Zn2+ and Fe3+ being equal, we 

witness a decrease in the recovery rate from  94.5% to 

85.77%. 

When the rotation speed of the drum changes from the 

minimum to the maximum within the optimal range, iron 

consumption and copper recovery change but slightly. From 

the process point of view, the most acceptable speed 

corresponds to the minimum value of the optimal range. 

Table 2 shows the best results obtained for mine waters from 

the Tarnier and Shemur mines with the metal concentrations 

of Cu2+ = 950.13, Zn2+ = 6 960.50 and Fe3 = 8 899.67 mg/L, 

and Cu2+ = 2 091.0, Zn2+ = 300.0 and Fe3 =9 800.83, 

respectively.  

 

Figure 1: Influence of NaHS consumption on the parameters of recovery of Zn2+  

and Fetotal from decoppered mine dump water. 

 

Table 2: Results of copper recovery by cementation and zinc recovery by sulfide precipitation. 
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Table 3: Results of copper recovery by galvanocoagulation and zinc recovery by sulfide precipitation. 

 

 

A ferrite precipitate meeting the criteria of the balance of five 

components, specifically, weight content, recovery rate, 

selectivity, low iron consumption and low iron residual 

concentration in the drainage, was produced using a 

combination of galvanocoagulation and precipitation, with a 

galvanocoagulator drum rotation speed of 12 rpm and a 

duration of galvanocoagulation of 6 minutes. A zinc-

containing precipitate was obtained with an NaHS 

consumption of 125% of the stoichiometric value for zinc 

precipitation. Parameters of the galvanocoagulation recovery 

are given in Table 3. Specific consumption of iron was 4-5 

times lower than with cementation and was equal to 0.73-0.67 

gFe/gCu. 

Copper precipitation with sulfides was performed acidifying 

the water to the selective extraction pH rate of 1.7–2.0. The 

consumption of concentrated sulfuric acid for water with an 

initial pH value of 2.7 was 0.5-0.6 mL/L.  

The results of copper recovery from the dump water of a 

copper and zinc deposit with an NaHS consumption of 95-

135% of the corresponding stoichiometric value have shown 

(Fig.1) that it is not possible to fully separate copper from 

zinc. With a copper recovery rate of over 65% more than 

5.49% of zinc is precipitated. Because there is several times 

more zinc than copper in the mine water the zinc weight 

content in the precipitate is on a par with the copper weight 

content. Increase in consumption to over 115% leads to the 

precipitation of Fe (II) and zinc in quantities exceeding that of 

copper. The optimal consumption was taken to be 115% of the 

relevant stoichiometric level. A zinc containing precipitate 

was obtained with an NaHS consumption rate of 125% of the 

stoichiometric level (Fig.2). 

 

 

Figure 2: Influence of NaHS consumption on the parameters 

of recovery of Cu2+, Zn2+ and Fetotal from mine dump water. 

 

According to a series of preliminary experiments with water 

from a copper deposit with a predominance of copper over 

zinc the consumption rate was also taken as 115%. The 

obtained values of selective sulfide precipitation are given in 

Table 4.  
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Table 4: Results of copper and zinc recovery by sulfide precipitation. 

 

 

As shown by the X-ray phase analysis, precipitates formed as 

a result of sulfide precipitation contain sulfide and sulfate 

phases of copper and zinc, elemental sulfur, and sulfates of 

calcium, magnesium and aluminum (Table 5). Precipitation of 

calcium and magnesium sulfates in the range of copper and 

zinc selective recovery parameters is attributable to the high 

concentration of magnesium, calcium and aluminum in the 

water and its saturation with sulfur derivatives as a result of 

sulfide injection.  

A copper containing precipitate is settled out quite fully from 

the suspension within 60-90 minutes without a flocculant 

addition. To settle out a zinc containing precipitate it is 

necessary to add a Zetag cationic flocculant at a rate of 3 

mg/L. 

According to our classification, all metal-containing products 

of mine water recycling in respect of their metal 

concentrations and possible further use in mining and metal-

making production can be subdivided into five groups (Table 

6). 

 

 

Table 5:  Semi-quantitative phase analysis of precipitates. 
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Table 6: Classification of solid products of mine water recycling. 

 

 

Copper precipitates obtained as a result of the three processes 

under comparison are classified as Group I. In terms of their 

copper content such precipitates meet the criteria for ore 

beneficiation concentrates. Their phase composition allows 

adding them to the semi-products of an ore beneficiation 

production or using them as an independent product in metal-

making operations. Zinc containing precipitates are classified 

as Group III. They contain twice less zinc than standard 

quality beneficiation concentrates, but still can be profitably 

used at the metallurgical stage of metal extraction [22]. 

The highest quality copper precipitate from the effluent water 

of a copper and zinc deposit was obtained by cementation but 

this process results in a significant increase of iron content in 

the water. This is undesirable for a selective recovery of zinc 

in subsequent stages and for comprehensive water treatment. 

High quality selective zinc recovery products were obtained 

using galvanocoagulation and precipitation. Highly selective 

copper recovery by precipitation with sodium hydrosulfide is 

hindered by the concentrations of zinc, iron and magnesium 

that are greater than that of copper. Better selective recovery 

of copper can be achieved with cementation and 

galvanocoagulation. 

The best quality copper precipitate from the water of a copper 

mine was obtained by sulfide precipitation. The best copper 

recovery rate was achieved with cementation.  

The processes under comparison can be implemented in 

seasonal modular treatment facilities. Technologically, the 

products obtained do not present any significant difference. 

For that reason the key criteria for choosing one of them are 

economic. It should be noted that most water treatment 

processes only pay off due to reduced payments for 

environmental impact.  

If the above factor is not taken into account, the use of zinc 

recovery by sulfide precipitation can be economical only if the 

price of the precipitating reagent is considerably lower than 

the price of zinc in the concentrate obtained. Hence, for the 

sulfide precipitation at the water pre-treatment stage with 

metal recovery to pay off, inexpensive sulfide-containing 

industrial wastes must be used. On the other hand, copper 

recovery by the methods investigated can be profitable. 

Parameters of copper recovery from the mine dump water of 

the Shemur deposit are presented in Table 7.  

 

Table 7: Economic parameters of various methods of copper recovery from mine dump water of the Shemur deposit. 
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CONCLUSION 

Mine dump water recycling with recovery of copper and zinc 

is an important modern-day challenge and can be 

economically viable. Processes implementable under the 

operating conditions of mining enterprises include 

galvanocoagulation, cementation and sulfide precipitation.  

Copper containing precipitates obtained as a result of the 

above processes meet the criteria for copper ore beneficiation 

concentrates. Their phase composition allows adding them to 

the semi-products of an ore beneficiation production or using 

them as an independent product in metal-making operations. 

Zinc containing precipitates contain twice less zinc than 

standard quality beneficiation concentrates, but still can be 

profitably used for subsequent processing at the metallurgical 

stage of metal extraction.  

Technologically, the products obtained do not present any 

significant difference, so the key criteria for choosing one of 

them should be economic. 

The most economically viable process for recovering copper 

from the mine dump water of the Shemur deposit is 

cementation, with a profitability of 261%.  
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