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Abstract. Most of the technological operations related to the preparation of the output to be 
enriched and to the production of the final copper concentrate take place with the use of water 
environment. Water management, besides using innovative technical and technological 
solutions, is a significant factor in the whole copper ore enrichment process. Mine water 
resources and surface water of the tailing pond named “Żelazny Most” are the two sources of 
technological water. Its physico-chemical composition is not insignificant for both the flotation 
process and the machinery and equipment maintenance. The concept of electrochemical 
protection of the spiral classifier presented in this article is the supplement and alternative for 
anti-corrosion protection of the machinery and equipment used in KGHM Polska Miedź S.A. 
Ore Enrichment Plant. The adequate appreciation of the spiral classifier characterisation and 
the working conditions will allow for the optimal adjustment of cathodic protection 
installations with the anode polarization system. Research into the development of an effective 
protection method will combine two complementary types of anti-corrosion protection 
systems, that is the passive (a protective coating) and the active (a cathodic protection). The 
effect of the planned research will be the evaluation of the potential possibilities of the 
corrosive and erosive impact limitation of the spiral classifier working condition. 
And, moreover, it will lead to an extension of working hours and the reduction in the costs of 
the technological circuit. 

1. Introduction 
The Ore Concentration Plant (OCP/ZWR) is a single organizational unit of KGHM Polska Miedź S.A. 
and consist of three production areas: Lubin, Polkowice and Rudna which fulfils a special role in the 
technological lines of copper ore processing. The basic task of the plants is to maximize metal 
recovery and produce the concentrates with the quality parameters required for effective smelting at 
the lowest possible cost. 

The copper ore deposits mined by KGHM in Poland comprise three lithological types: shale, 
dolomite, sandstone, which contain, on average, 1.50 % of the actual copper used. The copper ore is 
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Another component of water-soluble salts is sulphate ions (SO4
2-). Their current concentration in 

the mine water directed to OCP/ZWR Lubin and Polkowice is 1.3 g/dm3 and 2.3 g/dm3 to OCP/ZWR 
Rudna, whereas the tailing pond’s surface water contains about 3.1 g/dm3. For many years the sulphate 
concentration in water directed to OCP/ZWR has been maintained at a similar level and occasionally 
exceeded 3.0 g/dm3. 

3. The influence of industrial water on the technological process 
Industrial water quality is not without significance for the flotation process, where the hydrophobicity 
of the mineral surface is essential. The flotation reagents usage regime can affect not only the 
hydrophobicity of the grains, but also the foam formation and stability. The effect of stable foam is 
obtained mainly by adding foaming agents, which also improve gas dispersion and accelerate the 
flotation process [2]. When using saline technological water, a similar effect is observed. The water 
affects the quality of the air bubbles produced, as well as the mineral particles surface wettability and 
the interaction between the air bubble and the grain [3]. Smaller bubbles are generated themselves 
better in high salinity solutions, which may lead to a reduction in reagent consumption [4]. 

The research on commission of KGHM’s Ore Enrichment Plants carried out by the University of 
Technology in Wrocław has shown that the addition of sodium chloride usually does not change the 
selectivity of copper and organic carbon flotation, but slightly affects the selectivity of silver and lead 
flotation. In turn, conducted research as part of a doctoral thesis entitled "The enrichment of output in 
KGHM Polska Miedź S.A." showed an increase in the efficiency of copper and organic carbon 
enrichment as the concentration of salt in the water added to the flotation process increases [5]. Other 
attempts to determine the influence of salinity of technological water on the flotation process were 
made in the past by Żmudziński, Lekki [6] and Karpisz [7]. They showed an adverse effect of salinity 
increase on flotation of sandstone ore in the concentration range from 6.0 to 14 g/dm3 in relation to 
flotation in tap water. In the case of shale ore, the most favorable enrichment was obtained with 
salinity of water with concentrations of 6 and 40 g/dm3, while worse for tap water. On the other hand, 
in the case of carbonate ore a linear improvement in flotation results is observed along with the 
increase in sodium chloride content in water. 

The influence of salt on the efficiency of the copper flotation process has not been yet clearly 
defined and described in the literature. Therefore, it is necessary to acquire knowledge and carry out 
further research in this area. 

Taking into account all the above, it can be stated, with some simplification, that the observed 
changes in the concentration of chloride ions do not involve technological problems in achieving the 
assumed quality parameters of the final copper concentrates. Their presence, within certain 
concentration limits, can have a positive effect on the flotation process course. The control and 
carrying out of the flotation enrichment process are the easier the smaller variability of process water 
quality is observed.  

The situation, however, is different in the case of the impact that salt has on machinery and 
equipment, as well as the technical and technological infrastructure. The research carried out by 
Gdańsk University of Technology [8] has confirmed the high corrosivity of the atmosphere as defined 
according to PN-EN ISO 12944-2 as C5-I (industrial) and C5-M (marine). Its aggressive character is 
observed both in the lower and upper parts of the production sites. Difficult climatic conditions, in 
particular, occur at the floor level, where the relative humidity nears or exceeds 80 %. In addition to 
the corrosion conditions mentioned above, the corrosion and erosive character of the ore enrichment 
process should also be listed. Its negative impact is especially visible at the stage of classification in 
spiral classifiers. The significant amounts of the aqueous medium transporting the crushed and milled 
ore produce a clear mechanical effect, mainly through friction, cavitation and impact attack. 

The inspection of the construction, installations and equipment operating in the plant showed the 
need for effective methods of corrosion protection.  
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Table 1. The conductivity of the spiral classifier’s feed. 

Ore 

Enrichement 

Plant area 

Decanted water 

conductivity 

(mS/cm) 

Mixed feed conductivity  

(water + solids) 

(mS/cm) 

Lubin 42.0 37.3 
Polkowice 45.0 44.4 

Rudna 70.4 61.0 
 

Transferring the conductivity results into the amount of dissolved salts, the following figure 5 
showing the dependence of seawater resistivity on salinity and temperature can be used. Reading the 
values from the graph, it can be concluded that the obtained resistivity results (~ 0,22 Ωm, 
measurement temperature 25 ºC) correlate with salt water salinity at 3.0 %. It means that in 1 dm3 of 
sea water, 30 g of mineral salts is dissolved. Similar values are achieved for the tested samples, which 
confirms the high contents of soluble salts in technological waters. The result is a high corrosivity of 
the work environment of spiral classifiers, which determines the use of specific corrosion protection 
measures. 

 

Figure 5. Resistance of sea water as a function 
of temperature for salinity in the range of 30 -

 40 ‰ [9]. 

5. The concept of implementation of cathodic protection of spiral classifiers 
Coatings which are currently used for classifiers protection are inadequate, which results in the 
necessity to carry out periodic repairs or replacements of complete helixes. 

Further research into the possibility of protecting these devices, planned for the future will be 
a combination of passive (a coatings protection) and active method of anti-corrosion protection 
(a cathodic protection). The selection of the appropriate abrasion resistant coatings will be carried out 
by the corrosion coupon  (metal specimens) testing in the classifier’s natural working environment. 
At the same time, impedance tests in the laboratory test stand will be conducted. The selection of 
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Any type of corrosion protection applied should offer a possibility of assessing its effectiveness in 
a simple, relatively cheap manner, not requiring long-term research. The first criterion for the 
effectiveness of electrochemical protection will be the potential measured in relation to the reference 
electrode, which is placed close to the protected structure. Using the potential measurement, the rate of 
reduction of the corrosion rate of metal can be predicted [11]. The value of the protective potential 
should be achieved for the entire surface of the construction, which in the case of spiral classifiers may 
be difficult due to the fact that the rotating rotor periodically emerges from the electrolyte. Preliminary 
studies [8] indicate that despite the periodic ascent of the spiral from the feed, the cathodic protection 
can reduce the corrosion rate of the classifier up to 5 times. Research in this area is due to continue. 

6. Summary  
The limitation of corrosion processes should be considered in the economic aspect, security issues as 
well as direct and indirect losses. The effective protection of structures and devices exposed to 
corrosion will reduce the costs associated with the replacement of the corroded elements, carry out 
renovation works and, above all, extend the machine and equipment cycles. The elimination of these 
factors will contribute to the reduction of material loss, improve the safety and comfort of work and 
allow for the rational management of natural resources. 

Therefore, in ore enrichement plants a number of detailed tests should be carried out in order to 
determine the possibility of effective corrosion reduction through the use of cathodic protection. The 
choice of the method of protection implementation should be individually adapted to the existing 
corrosion risk and working conditions of the protected metal surfaces. In order to confirm the 
effectiveness of the application of the innovative method of machinery protection and processing 
equipment it is required to develop a detailed protection technology, as well as the implementation and 
launching of the pilot installation. 

An extremely important issue in the application of cathodic protection is the ability to assess the 
correctness and effectiveness of the actions taken. In addition to periodic check-ups of the 
installation's operation parameters, it could be advisable to perform additional tests by using corrosive 
coupons, simulating electrodes, or even resistive corrosion resistance, which determines corrosion loss 
based on the determined increments of electrical resistance [12]. An excellent complement to control 
activities should be a comprehensive system of managing the corrosion protection process, in which 
one should define, among others, the areas of responsibility of cathodic protection personnel [13]. 

In addition to classifiers, potential devices that can be secured using the methods described in this 
article include Dorr thickeners and flotation machines. Both devices work in an electrically conductive 
environment. 

References 
[1] Łuszczkiewicz A, Drzymala J, Henc T, Konopacka Ż and Duchnowska M  2011 Określenie 

wpływu związków chemicznych zawartych w wodach przemysłowych na process 

wzbogacania w O/ZWR Sprawozdanie z badań: raport i-11/ (Wrocław) p 42 
[2] Drzymała J 2001 Podstawy Mineralurgii (Wrocław: Oficyna Wydawnicza Politechniki 

Wrocławskiej) 
[3] Wang B and Peng Y 2014 The effect of saline water on mineral flotation–a critical review 

Miner. Eng. 66-68 pp 13-24 
[4] Quinn J J, Kracht W, Gomez C O, Gagnon C and Finch J A 2007 Comparing the effect of salts 

and frother (MIBC) on gas dispersion and froth properties Miner. Eng. 20 pp 1296–1302 
[5] Księżniak K 2017 Wzbogacalność urobku w KGHM Polska Miedź S.A. – rozprawa doktorska   

(Gdańsk) 
[6] Żmudziński K and Lekki J 1967 Badania nad wpływem składu wód kopalnianych w legnicko-

głogowskim okręgu miedziowym na flotację rud miedzi Sprawozdanie 1216/67(Gliwice: 
Zakład Przeróbki Rud – Instytut Metali Nieżelaznych) 

[7] Karpisz A 2010 Wpływ parametrów fizykochemicznych wody technologicznej na flotowalność 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


8

1234567890‘’“”

Mineral Engineering Conference  IOP Publishing

IOP Conf. Series: Materials Science and Engineering 427 (2018) 012032 doi:10.1088/1757-899X/427/1/012032

rud miedzi Praca dyplomowa (Wrocław: Wydział Geoinżynierii, Górnictwa i Geologii 
Politechniki Wrocławskiej) 

[8] Darowicki K 2015 Określenie możliwości zastosowania nowoczesnych metod ochrony 

antykorozyjnej obiektów technicznych i technologicznych w O/ZWR (Gdańsk)  
[9] Cathodic protection design. Recommended practice RP-B401 2017 (DET NORSKE VERITAS 

DNVGL) 
[10] Czermiński J (red.) 1986 Ochrona przed korozją. Poradnik (Warszawa: Wydawnictwo 

Komunikacji i Łączności) 
[11] Sokólski W Nierozwiązane problemy ochrony katodowej (Gdańsk: SPZP CORRPOL, Polski 

Komitet Elektrochemicznej Ochrony przed Korozją SEP)  
[12] Sokólski W 2003 Norma EN 12954 – nowe kryterium ochrony katodowej? Ochrona przed 

korozją 8/2003 
[13] Peabody A W 2007 Peabody’s Control of Pipeline Corrosion (Houston, Texas: NACE)  
 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl

