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Abstract

Geochemical modeling plays an increasingly vital role in a number of areas of geoscience, ranging from
groundwater and surface water hydrology to environmental preservation and remediation. Geochemical
modeling is also used to model the interaction processes at the water - sediment interface in acid mine drainage
(AMD). AMD contains high concentrations of sulfate and dissolved metals and it is a serious environmental
problem in eastern Slovakia. The paper is focused on comparing the results of laboratory precipitation of metal
ions from AMD (the Smolnik creek, Slovakia) with the results obtained by geochemical modeling software
Visual Minteq 3.0.
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1 Introduction

Acid mine drainage from coal and mineral mining operations is a difficult and costly problem.
The abandoned Smolnik mine is regarded as an environmental loading in the eastern
Slovakia, where acid mine drainage (AMD) is generated and discharged from abandoned
mine and contaminates the Smolnik Creek catchment (Fig. 1).

AMD forms when sulfide minerals in rock are exposed to oxidizing conditions in coal and
metal mining. There are many types of sulfide minerals, but iron sulfides common in coal
regions, pyrite and marcasite are the predominant AMD producers. Upon exposure to water
and oxygen, pyritic minerals oxidize to form acidic, iron and sulfate—rich drainage. The
drainage quality emanating from underground mines or backfills of surface mines is
dependent on the acid-producing (sulfide) and alkaline (carbonate) minerals contained in the
disturbed rock. In general, sulfide -rich and carbonate-poor materials are expected to produce
acidic drainage. In contrast, alkaline-rich materials, even with significant sulfide
concentrations, often produce alkaline conditions in water [1].
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Figure 1: The Smolnik creek catchment

Predicting the evolution of acid mine drainage (AMD) is of increasing interest to the mining
industry due to its potential for long-term environmental damage. AMD is characterized by its
low-pH water and typically by high concentrations of sulfate, iron and dissolved metals
[2,3,4]. The behavior of this acidic water is controlled by the hydro-geochemical environment
in which water - sediment interactions play an important role. Methods that have been used
for prediction of AMD generation in tailings are both laboratory and model based, with
standardized methods of static and kinetic laboratory testing being often applied [5].

However, static tests can at best only predict whether leachate pH will become acidic at some
point in time, and typical application of kinetic laboratory testing to prediction of field scale
leachate quality is associated with a high degree of uncertainty. Furthermore, these methods
assume geochemical control of AMD quality [6], and thereby largely neglect the crucial
interaction with oxygen availability. A number of modeling studies of AMD generation from
mines exist in the literature [7,8,9], where models have been produced as tools to examine
effects of dominant processes and compares different tailings remediation measures.
However, the predictive capability of many of these models is limited [5 & 10], due to, for
example, over simplification or neglect of some important geochemical processes.

The paper is focused on comparing the results of laboratory precipitation of metal ions from
AMD (the Smolnik creek, Slovakia) with the results obtained by geochemical modeling
software Visual Minteq 3.0.

2 Material and methods

For the evaluation of pH changing on the concentration of dissolved ions (Fe, Al, Mn, Zn and
Cu) in the laboratory testing, 500 mL of AMD (pH 3.78) from Smolnik creek (shaft Pech)
were used. The chemical composition of AMD is shown in Table 1.

Table 1: Chemical composition of AMD used for precipitation

80

Fe

Cu

Al

Zn

Mn

mg/L

351

14

43,2

55

21,8




SSP - JOURNAL OF CIVIL ENGINEERING Vol. 9, Issue 1, 2014

The samples of 500 mL of AMD were sequentially neutralised by NaOH under continuous
stirring and pH measuring (inoLab, WTW, Germany). The resulting precipitate was filtered
through a filter funnel with the frit (S3) and the filtrate was used for further neutralization.
This procedure was repeated at gradually increasing pH values from 4.05 to 11.95 (4.05, 4.26,
4.49, 4.79, 55, 6.11, 7.23, 8.11, 8.97, 9.98, 10.5, 10.99, and 11.95). Afterwards, the
precipitate was dissolved in the filter funnel with 10 mL of 10 % HCI, the frit was washed
with distilled water and the solution was filled up to 200 mL by H,O. Such prepared filtrates
were used to determine the concentrations of total Fe, Cu, Mn, Al and Zn with colorimeter
DR 890.

Geochemical modeling was used to verify the results of the laboratory experiment of the
pollutants transport in the aquatic environment. For the modeling the free downloading Visual
Minteq 3.0 software was used.

The concentrations of metals in AMD used in laboratory experiments were the input data to
the software. Modeling has been transferred under the terms of which have fugacity of carbon
dioxide value 0.0003 (log f CO; (g)) = -3.5 (value is corresponding to the fugacity of
atmosphere). The reason for the award of the fugacity of carbon dioxide was that, in
laboratory experiments, working with AMD taken at the place of discharge from the shaft
Pech, creek Smolnik (AMD brought into contact with the atmosphere).

The presence of hematite (Fe,03), goethite (a-FeO(OH)) and magnetite (FesO4) were within
the modeling neglected, since these minerals, which are rather regarded as products of
transformation of metastable Fe®* phases [11]. While goethite and hematite commonly exhibit
a much lower growth rate than schwertmannite, ferrihydrite and jarosite and their emergence
in "fresh" precipitates is just improbable [12].

3 Results and discussion

The comparing of the results of precipitation of metal ions from AMD by changing the pH,
which were predicted by geochemical modeling software Visual Minteq 3.0 and with
laboratory results of precipitation are showed in Fig. 2 -6.

Fig. 2 shows the simulation of pH changes in the concentration of Cu. From this figure it is
clear that the results of laboratory experiments are consistent with the literature, e.g. Cu is
precipitated at the pH range of 4 to 6 [13]. The software Visual Minteq 3.0 analyses that the
precipitation of Cu begins up at the pH 6 where the complete precipitation occurred at pH 8.

The effect of the gradual increase of pH on the concentration of Zn is shown in Fig. 3. The
comparison of Zn precipitation is similar to that observed for Cu, whereas the software
determines a gradual precipitation of Zn up to pH of 7.5, and the complete precipitation of Zn
occurs up to pH 8.5, which is not in accordance with literature [14,15,16].
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Figure 2: Comparison of changes in Cu concentration with the pH at geochemical modeling
and laboratory results

Laboratory results show that the precipitation of Zn has already begun at pH 5 and at pH 7.5
were precipitated approximately 92% of Zn, which is in accordance with the literature

[14,15,16].
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Figure 3: Comparison of changes in Zn concentration with the pH at geochemical modeling
and laboratory results

Fig. 4 shows the changes in concentration due to an increase of pH, where the curve of the
geochemical modeling results describes the line of the curve of the measured results under
laboratory conditions. Accordance with the literature [14 & 17], above 90% of Al was

precipitated at pH 6.

The comparison of the results of changes in the concentration of Mn by increasing the pH
(Fig. 5) shows that in the laboratory experiments there was a gradual precipitation of Mn
already at pH 6, while the results of the software shows that the concentration of Mn should
begin to precipitate at pH 7. According to software Visual Minteq 3.0 there is an efficiency of
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precipitation 50% at pH 8, which is also in accordance with the literature [18]. Increasing the
pH leads to consistency in efficiency of precipitation, whereas at pH 8.5 is already
efficiencies of precipitation of Mn the same.
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Figure 4: Comparison of changes in Al concentration with the pH at geochemical modeling
and laboratory results
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Figure 5: Comparison of changes in Mn concentration with the pH at geochemical modeling
and laboratory results

The Fe** and Fe®" ions create a wide range of organic and inorganic complexes. Fe*
complexes are more stable than Fe?* which is present in the reducing conditions in
uncomplexed form [19]. Fe?* is very portable, but exception is the oxidizing environment
with extremely low pH, which usually passes through quickly into insoluble compounds.
Under oxidative conditions, the Fe is rapidly oxidized and precipitates as oxides, hydroxides
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and hydrous oxide. In contrast, in reducing conditions occurs to almost to the quantitative
precipitation of sulfides [19].
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Figure 6: Comparison of changes in Fe concentration with the pH at geochemical modeling
and laboratory results

The reason of the precipitation of Fe in the whole range pH (laboratory experiment) may be
due to the oxidation of Fe** to Fe*" in the presence of oxygen and the subsequent precipitation
in the form of Fe(OH)s. In contrast, the software modelled only the precipitation of Fe?* or
Fe** (Fig. 6) as it is stated in the literature, e.g. precipitation of Fe** occurred up to pH > 8.5

[16] and Fe** to pH < 3,5 [20].

4 Conclusion

By comparing the experimental results (heavy metals (Al, Mn, Zn, Cu and Fe) of precipitation
from AMD (shaft Pech, Smolnik, Slovakia) and evaluation of software Visual Minteq 3.0 it
was found that the curve of the effect of pH on the precipitation of Al and Mn describe
approximately the same line. The comparison of the effectiveness of the precipitation of Zn
and Cu ions on the basis of experimental results and evaluation of the Visual Minteq 3.0 has
shown that the precipitation were up to two pH values above. This phenomenon could be
caused by the fact that the Visual Mitneq 3.0 is freely downloading and it is not specialized in
acidic mine waters, ie. because of its versatility could lead to inaccuracies in modeling the
precipitation of ions in AMD.

The reason for the precipitation of Fe in the whole range pH may be due to the oxidation of
Fe?* to Fe** in the presence of oxygen and the subsequent precipitation in the form of
Fe(OH)s, while the software is modelled only the precipitation of Fe?* and Fe**
separately. The results will be used for further experiments aimed at acid mine drainage
treatment based on the sorption and precipitating reactions.

84



SSP - JOURNAL OF CIVIL ENGINEERING Vol. 9, Issue 1, 2014

Acknowledgements

This work has been supported by the Slovak Research and Development Agency under the contract
No. APVV-0252-10 and by the Slovak Grant Agency for Science (Grant No. 1/0882/11).

References

[1]

[2]

3]

[4]

5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

Kleinmann R.L.P. (1990). Acid mine drainage in the United States. Proceedings, First
Midwestern Region Reclamation Conference, 1-8, Southern Illinois University, Carbondale,
Illinois, USA.

Aubertin M., Bussiére B. & Bernier, L. (2002). Environnement et gestion des rejets miniers.
[Manual on CD-ROM] Montréal, Québec: Les Presses Internationales de Polytechnique.

Ptacek C.J., Blowes D.W. (2003). Chapter 1: Environmental Aspects of Mine Wastes,
Geochemistry of concentrated waters at mine waste sites. Jambor J.L., Blowes D.W. & Ritchie,
A.LLM. (Eds.), Short Course Volume 31, Mineralogical Association of Canada, 239-252,
Canada.

Price W.A. (2003). Chapter 1: Environmental Aspects of Mine Wastes,Challenges posed by
metal leaching and acid rock drainage, and approaches used to address them. Jambor J.L.,
Blowes D.W. & Ritchie, A.l.M. (Eds.), Short Course Volume 31, Mineralogical Association of
Canada, 1-10, Canada.

Parker G. Robertson A. (1999). Acid Drainage. Australian Minerals & Energy Environment
Foundation, Melbourne, Australia.

Salomons W. (1995). Environmental-impact of metals derived from mining activities -
processes, predictions, prevention. Journal of Geochemical Exploration, Volume 52, No. (1-2),
5-23.

Scharer J.M., Nicholson R.V., Halbert B. & Snodgrass W.J. (1994). A computer program to
assess acid generation in pyritic tailings. Alpers C.N., Blowes D.W. (Eds), Environmental
geochemistry of sulfide oxidation. ACS symposium series, Vol. 550, 132-152, Washington D.C.,
USA.

Wunderly M.D., Blowes D.W., Frind E.O. & Ptacek, C.J. (1996). Sulfide mineral oxidation and
subsequent reactive transport of oxidation products in mine tailing impoundments: A numerical
model. Water Resources Research, Volume 32, 3173-3187.

Alpers C.N., Nordstrom D.K. (1999). Geochemical modeling of water-rock interactions in
mining environments. Plumlee G.S., Logsdon M.J. (Eds), The environmental geochemistry of
mineral deposits. Reviews in Economic Geology, Soc. Ec. Geologists, Volume 6A, 289-323,
Chelsea, USA.

MEND. (2000). MEND Manual, Volume 3 - Prediction. Mine Neutral Drainage Programme
[MEND 5.4.2c], Ottawa, Canada.

Slesarova A. (2004). The Role of Geochemical Modeling in Predicting Quality Evolution of
Acid Mine Drainage. Acta Montanistica Slovaca, Volume 9, No. 4, 462-466.

Nordstrom D.K., Alpers C.N. (1999). Geochemistry of acid mine waters. Plumlee G.S.,
Logsdon M.J. (Eds), The environmental geochemistry of mineral deposits. Reviews in Economic
Geology, Soc. Ec. Geologists, Volume 6A, 133-156, Chelsea, USA.

Guihua L., Xiaobin L., Chuanfu Z. & Zhihong P. (1998). Formation and solubility of potassium
aluminosilicate. Transactions of Nonferrous Metals Society of China, Volume 8, 120-2.

85



Aneta Petrilakova, Magdalena Balintova and Marian Holub

[14]

[15]

[16]
[17]

[18]

[19]
[20]

86

Wei, X. Viadero, R.C. & Buzby K.M. (2005). Recovery of Iron and Aluminum from AMD by
Selective precipitation. Environmental Engineering Science, Volume 22, No. 6, 745-755.

Balintova M., Luptakova A., Junakova N., Macingova E. (2009). The possibilities of metal
concentration decrease in acid mine drainage, Zeszyty naukowe Politechniki Rzeszowskiej:
Budownictwo i Inzynieria Srodowiska, Volume 266, 9-17.

Gerringa L.J.A. (1990). Aerobic degradation of organic mater and the mobility of Cu, Cd, Ni,
Pb, Zn, Fe and Mn in marine sediment slurries, Marine Chemistry, Volume 29, 355 - 374.

Jenke D.R, Diebold F.E. (1983). Recovery of valuable metals from acid mine drainage by
selective titration. Water research, Volume 17, 1585-1590.

Sheeremata T., Kuyucak N. (1196). Value recovery from acid mine drainage, Metals removal
from acid mine drainage-chemical methods, MEND project 3.21.2a, Pointe-Claire, PQ, Noranda
Technology Center.

Langmuir, D. (1997). Aqueous Environmental Geochemistry. Prentice Hall Inc., New Jersey.

Matlock, M.M., Howerton, B.S., Atwood, D.A. (2002). Chemical precipitation of heavy metals
from AMD. Water Research. Volume 36, 4757-4764.



