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Summary

Mine waters flowing into underground excavations of the mines which are included to KGHM ,,Polska MiedZ” S.A. are characterized by
diverse mineralization, hence the different utilization may be applied. In the major cases the mine waters are released directly or through
sediment tanks to watercourses, which on the one hand increases the flow rate, on the other hand - taking into consideration high salinity
(chlorides and sulfates charges) - cause degradation of water quality. In effect occurs deep and extensive transformation of water systems
and downgrading of the environment in subsystems of groundwater and surface water.

The purpose of the studies was purification of mine waters from calcium, magnesium and heavy metals. In research on mine waters treat-
ment membrane filtration, precipitation methods and ionite techniques were used. Applied methodology of removal of heavy metals from
mine waters gave satisfactory results. All analyzed heavy metals have been removed to the assumed level. During the studies it was claimed
that the precipitation of calcium and magnesium at the same time causes the precipitation of heavy metals. Because solubility equilibria of
carbonates and hydroxides of heavy metals are much smaller than the solubility equilibria of calcium and magnesium carbonates, therefore
heavy metals precipitate with them. Calcium and magnesium sediments are the media for precipitated heavy metals compounds. In addi-
tion, the presence of the carbonate ions derived from the dissolved calcium carbonate reduce the solubility of heavy metals carbonates. On
this basis, it is proposed to apply precipitation of pollutants with sodium carbonate before filtration on ion-exchange bed. Such solution has
two advantages. First, decreasing the content of heavy metals before ionite may lengthenworktime of bed between regenerations. Second,

the lower the content of heavy metals in brine is, the more efficiently they will be removed by the ionite.
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Introduction

Mine water flowing into underground junctionsin the
mines that KGHM “Polska Miedz” S.A. (“Polish Copper”
Co.) is comprised of, are characterized by diversified min-
eralization, thus they have varied uses. Water is mainly dis-
charged directly or through settling tanks into surface wa-
ter-courses, which on one hand, increases their intensity of
flow, but on the other hand, because of high salinity (main-
ly charges of chlorides and sulfates), causes degradation of
water quality. In effect, this leads to serious and widespread
transformation of the water system and degradation of the
environment in which the systems of underground and sur-
face water flow operates.

From the point of view of legal provisions, water
coming from mines’, known as “dewatering”, is treated as
waste.

Mine water in “Polska MiedZ” S.A. mines

The following mines: “Lubin”, “Polkowice-Sieroszo-
wice” and “Rudna” dispose of around 70-75 thousand m?/d
of mine water, 95% of which 3-5 g/dm? is saline, about 5%,
which amounts to about 100-220 g/dm?. All mine water and
waste from shafts’ sites goes through a flotation process,
which ensures complete air-tight sealing of waste within
the mines. The waste extracted via the flotation process
is then discharged into a specially prepared storage yard.
The main storage yard is “Zelazny Most”, which is used
to deposit flotation waste and also for the retention of a
sufficient quantity of industrial water for all the production
plants. A system of pumping stations is then used for proper
water distribution.

To preserve the salt and water balance, tens of thou-
sands of cubic meters of water should be passed within a 24

hour period, of which over 20 g/dm? is saline. The quantity
of the water discharged corresponds to the current absorb-
ing capacity of the Oder River so that after mixing, the total
quantity of chlorides and sulfates in the Oder water does
not exceed 1,000 mg/dm?. In 1997, a distribution system of
discharged water was installed into a whole intersection of
the river bed in order to minimize any locally increased salt
concentrations in the river water. The quantity of suspend-
ed matter in the water carried away from the storage water
area at “Zelazny Most” passed into the Oder is variable and
depends mainly on the weather conditions., the purification
plant is periodically turned on (based on coagulation pro-
cess), in Therefore order to eliminate water discharges with
excessive content of suspended matter.

Processes involved in copper ore treatment require,
among other things, the use of large quantities of water —
ca. 4-5 m*Mg of ore feed for flotation. Flotation waste is
ore pulp in a liquid state, where solids make up 6.5-8.7%
of the volume. The waste is transported by pipelines to the
storage yard at “Zelazny Most” (up until 1980, it was stored
at the “Gilow” storage yard). In the storage yard, there is
sedimentation of solids, and the clarified water is in-taken
and re-directed to the Ore Concentration Plant. The water
circulates permanently in the cycle between the Ore Con-
centration Plants and the storage yard.

Operation of the “Zelazny Most” storage yard

The yearly quantity of stored flotation waste fluctuates
between 20 to 26 million Mg, almost 75% of which is used
for further superstructure, and only 25% goes through the
waste disposal process. Today, the “Zelazny Most” storage
yard is the only place used for the storage of flotation waste
for all of the KGHM “Polska Miedz” S.A. mines, which
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Tab. 1 Ions content of heavy metals in mine water [mg/dm?]

Tab. 1 Zawarto$¢ jonow metali w wodach dotowych [mg/dm?]

Designation

Content

Iron general

443

Calcium

6290

Magnesium

875

Manganese

1.82

Copper

4.89

Lead

12.10

Nickel

0.45

Chromium

0.25

Zinc

1.56

makes it a key technological element, without which the
production of copper in the region would be impossible.
Varying research has proved that the storage yard can cope
with volumes of over 1.1 billion m?, which means it can
cope with all water waste disposals until stocks of copper
ore deposits in the Gtogdw Gleboki area are exhausted.

Apart from the basic function, which is waste utiliza-
tion, the water basin constructed in the central part of the
“Zelazny Most” storage yard functions as a settling tank
for clarifying over-sedimentary water used in the cycle of
flotation, and due to its vast volume as a storage reservoir,
taking excess water used in the mine-process cycle. Excess
water is sometimes carried away into the Oder by means
of the hydraulic engineering (periodically) since 1978. The
method was worked out and implemented by specialists
from KGHM “Polska Miedz” S.A. in cooperation with var-
ious scientific centres. This system was implemented ac-
cording to the legal provisions of the bill “Law of Water”,
as an alternative method for the desalinations of certain
kinds of mineralized water coming from mines.

Own research

While mining towards underground junctions, a large
inflow of water with a varying degree salinity takes place.
This water — according to the system of mining — is pumped
out to the surface, where it is directed partially to the Oder,
and partially to Ore Concentration Plants, where it is used
for the flotation processes of copper ore.

This water contains many mineral compounds, includ-
ing salts of heavy metals. Contamination by these com-
pounds makes it impossible to use this water for the enrich-
ment process. The research is looking into the possibility of
purifying mine water of such undesirable compounds to a
level enabling its further use.

Aim and subject of research

The aim of the research was to examine the possibility
of removing ions of heavy metals from mine water.

The subject of the conducted research was the mine
water collected in the pit bottom area of SW-1 shaft in the
“Polkowice-Sieroszowice” mine, which is characterized by

a high level of salinity. Apart from the high content of so-
dium chloride found in this water, there are large quantities
of calcium and magnesium salts, and also heavy metals.
The level of heavy metal content exceeds the acceptable
level many times in relation, not only to drinking water, but
waste as well. In Table 1, the content of the heavy metals
found in this mine water is presented. It should be pointed
out that these values are not constant, but undergo periodi-
cal changes, which is most probably related to the opening
of more and more mining fields in the copper ore bed.

Method of research

During the research on purifying the mine water of un-
desirable compounds and elements, the method of mem-
brane filtration, precipitation methods and ionite tech-
niques were used. Mine water was treated schematically as
presented in Figure 1 and 2.

During the first stage, magnesium hydroxide and hy-
droxides of heavy metals were precipitated. To achieve the
intended aim, a saturated sodium hydroxide solution was
added to a sample of mine water in the quantity of 40 dm3,
till pH > 10 was obtained. During the next stage, the solu-
tion with the jelly-like suspended matter was filtered on the
membrane filtration equipment, in which ultra-filtration
membranes with cut-off 100 kDa were used. Sample no 1
was taken from the filtrate, which was then analyzed.

The next stage was based on transmitting the obtained
filtrate through ion-exchange bed with the aim of remov-
ing the remains of heavy metals. After transmitting through
ion-exchange bed, filtrate sample no 2 was taken.

Simultaneously, the second analogous test — Figure 2
— was carried out with the quantity of the added sodium
hydroxide solution, was to obtain pH = 9. The next steps
were to filter through the ultra-filtration membrane, where
the filtrate was directed to an ion-exchange bed. After the
filtrate had gone through the ion-exchange bed, sample no
3 was taken.

To this purified mine water, saturated sodium carbon-
ate solution was added in order to precipitate calcium ions
and the remains of magnesium ions. This solution with the
suspended matter underwent filtration processes through
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the membrane, and the obtained filtrate went again through
the ion-exchange bed. From the mine water obtained, sam-
ple no 4 was taken.

Research results and conclusions

In Table 2, the results of the analysis of the mine water
(raw) are presented, and after purification with the sorbent.
On the grounds of the obtained analysis and results for indi-
vidual samples taken during the research in progress, it can
be stated that the assumed degree of heavy metals removal,
has been achieved. The content of heavy metals in mine
water changes between narrow limits, and the aim of the
research was to check the efficiency of techniques for the
removal of heavy metals from the ions.

The results from the analysis presented in Table 2
shows that pH value has a big influence on the degree of
heavy metal removal and their content at the entrance to
the ionite station. It is clearly seen in the case of copper,

chromium and nickel ions. All the metals had already been
removed from the tested solutions at the stage of calcium
and magnesium precipitation below the level of determina-
tion. It results from solubility products of their hydroxides
and carbonates, which appear as follows:

Cu(OH), K =22x102,
CuCO, K= 1.7x10*,
Ni(OH),  K=2.0x10,
Cr(OH),  K=6.3x102.

In addition, the precipitated magnesium hydroxide or
calcium carbonate serves as a carrier, which increases the
precipitation degree of heavy metals. At the same time,
solubility products of hydroxides and carbonates of heavy
metals are significantly lower than solubility products of
calcium and magnesium hydroxides and carbonates:

Inzynieria Mineralna — LIPIEC-GRUDZIEN <2014> JULY-DECEMBER — Journal of the Polish Mineral Engineering Society

247



Tab. 2 Results of mine water analysis after purification [mg/dm?]

Tab. 2 Wyniki analizy probek wod dotowych oraz solanki [mg/dm?]

Sa:’op'e Mg | cacos| Cu Zn Pb Ni Cr Ag
=2 1 560 12482 | <0.01 1.750 6.54 | <0.005 | <0.005 | 0.024
= A
s 5 2 486 3525 | <0.01 | 0.228 | <0.005 | <0.005 | <0.005 | 0.020
~ O 3 384 11071 | <0.01 | 0.184 | 0.033 | <0.005 | <0.005 | 0.036
E 5 4 335 2718 | <0.01 | 0.094 | <0.005 | 0.002 | <0.005| 0.004
CaCoO, K=4.8x1%, Summary
MgCO, K=2.1x107. Summing up the whole research, it can be stated that

Due to that, the quantity of the precipitating agent
added does not have any influence on the precipitation
degree of these metals because the compounds of heavy
metals are precipitated first. The precipitated carbonates
and hydroxides of metals absorb into the carrier’s surface,
which is calcium and magnesium carbonates in this case.
Some metals that have amphoteric properties behave a little
differently, to which, in this case, belong: lead, zinc and
chromium. The pH value is important in this case, which
can be observed in sample no 1. After exceeding pH = 10,
the reduction in zinc and lead content is low in comparison
with the samples taken in different conditions, although the
solubility products of their hydroxides are close to solubil-
ity products of copper:

PbCO, K =7.5x10",
ZnCO, K= 1.5x10",
Pb(OH),  K=8.7x10",
Zn(OH),  K=1.8x10".

It implies that part of hydroxides and carbonates of
these metals went into the solutions in the form of plumbites
and sodium zincates. However, this phenomenon has lit-
tle influence on the stoppage of these metals on the ionite,
which can be observed by analyzing the results for sam-
ple 3. In this case, a very big reduction in lead ion content
is visible, from 6.54 ppm to 0.033 ppm, and zinc from 1.75
ppm to 0.184 ppm. This case demonstrates the effective-
ness of complexing ionite, in case of exceeding solution pH
value during the process of heavy metal precipitation such
as lead, which are particularly dangerous for the health of
people and animals.

the research methodology used for heavy metal removal
from mine water brought satisfactory findings. It can be
stated that all analyzed heavy metals were removed to the
assumed level. During the research, it was found that the
precipitation of calcium and magnesium ions simultane-
ously causes the precipitation of heavy metals. This is due
to the fact that the solubility products of carbonates and
hydroxides of heavy metals are considerably lower than the
solubility products of calcium and magnesium carbonates,
thus heavy metals are co- precipitated with them. Deposits
of calcium and magnesium compounds are, as it were, car-
riers for precipitated compounds of heavy metals, owing to
which the removal degree of the latter increases. Addition-
ally, the presence of carbon ions coming from dissolved
calcium carbonates decreases the solubility of heavy metal
carbonates. On the grounds of that, using precipitation of
impurities by means of sodium carbonate was suggested
before filtration in ion-exchange bed. Such a solution will
bring double benefits. Firstly, the decrease in heavy met-
al content before the ionite will significantly extend de-
posit work-time between regenerations, thus the quantity
of waste from the ionite regeneration will decrease. With
the decrease in the total content of heavy metals below 0.5
ppm, the ionite work-time can last even up to a year. Sec-
ondly, the lower the content of heavy metals in salt water at
the entrance to the ionite deposit, the more effectively they
will be removed by the ionite. The pH value of salt water
given to the ionite cannot exceed 10. After exceeding this
value, part of heavy metal content changes into an anion
form, and are not effectively stopped by this type of ionite.
This fact particularly concerns such ions as lead and zinc.

248

Inzynieria Mineralna — LIPIEC-GRUDZIEN <2014> JULY-DECEMBER — Journal of the Polish Mineral Engineering Society



Literatura - References

1. Bestovd 1., Hevidnkovd S., Zechner M.:Occurrence and removal of manganese from acid mine water.
InzynieriaMineralna - Journal of the Polish Mineral Engineering Society, No 2 (28), pp. 23-31 (2011)

2. Kliber S., Wisniewski ]. A.: Membranowy proces wymiany anionow jako metoda zmiany sktadu jonowe-
go wody. Rocznik Ochrony Srodowiska — Annual Set The Environment Protection, vol. 11, pp. 995-1005
(2009)

3. Kuczyriski W, Zuchowicki W.: Ocena aktualnej sytuacji w zaopatrzeniu w wodg w Polsce na tle sytuacji
w $wiecie. Rocznik Ochrony Srodowiska — Annual Set The Environment Protection vol. 12, pp. 419-465
(2010)

4. Kyncl M., Cihalovd S., Jurokovd M., Langarovd S.: Disposal and Reuse of the Water Processing Sludge,
Inzynieria Mineralna - Journal of the PolishMineral Engineering Society, No 2 (30), pp. 11-20 (2012)

5. Michatek ].: Badanie moZzliwosci oczyszczania stonych wod dotowych w warunkach ZG ,,Polkowice-Siero-
szowice” — unpublished manuscript. ,,Chemipoz” Ltd.Co., Poznan (2012)

6. www.kghm.pl

Badania nad oczyszczaniem wody kopalnianej z kopalni KGHM “Polska Miedz” S. A.

Wody kopalniane plyngce pod terenami kopalni nalezgcych do KGHM “Polska MiedZ” S. A. cechujq sig zroznicowang mineralizacjg, stgd
tez podlegajg roznym procesom utylizacyjnym. W wigkszosci przypadkow wody kopalniane plyng bezposrednio lub poprzez zbiorniki
sedymentacyjne do ciekéw wodnych, ktére zwigkszajg wskaznik przeplywu, a drugiej strony - biorgc pod uwage wysokie zasolenie (nasy-
cone chlorkami i siarczkami) — powodujg pogorszenie sig jakosci wody. W efekcie wystepuje gleboka i kompleksowa zmiana systeméw
wodnych oraz degradacja srodowiska w zakresie wod gruntowych i powierzchniowych. Celem badania bylo oczyszczenie wod kopal-
nianych z wapnia, magnezu i metali cigzkich. Wody kopalniane poddano przetworzeniu przez membrany filtracyjne, metody uczest-
niczqgce oraz techniki jonizacyjne. Zastosowana metodologia usuwania metali cigzkich z wéd kopalnianych przyniosta oczekiwane efekty.
Wszystkie badane pierwiastki zostaly obnizone do zalozonego wczesniej poziomu. Podczas analiz uznano, ze waph i magnez wystepuje
réwnoczesnie z metalami cigzkimi. Dzieje sig tak poniewaz rozpuszczalnosé réwnowartych wegli, jak i wodorotlenkéw, metali cigzkich jest
znaczgco mniejsza niz rozpuszczalnosé rownowartych wapieni i weglanéw magnezu. Osady wapnia i magnezu sq nosnikami zwigzkow
metali cigzkich. W dodatku, obecno$¢ jonow wegla oderwanych z rozpuszczonego weglanu wapnia obniza rozpuszczalnos¢ weglanéw
metali cigzkich. Na tej podstawie zaproponowano dodanie zanieczyszczen zawierajgcych weglan sodu przed filtracjg w procesie wymia-
ny jonowej. Takie rozwigzanie ma dwie zalety. Po pierwsze, obniza zawartos¢ metali cigzkich zanim jony zmniejszg okres pracy jonitu
pomiedzy regeneracjami. Po drugie, im nizsza zawartos¢ metali cigzkich w solankach, tym skuteczniej zostang one usunigte przez jonity.

Stowa kluczowe: sol kamienna, oczyszczanie solanki, wymiana jonowa, metale cigzkie
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