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Foreword

The presented issue of the geoscientific journal Mineralia Slovaca is atypical by its content. While the
journal in its standard scope presents the information about the new findings in the geological setting of
the Slovak territory, about natural raw material and its use, or the environmental topics, the submitted issue
reminds that due to the time restriction of the raw material exploitation, the exhaustibility of reserves and
the environmental risks of the exploitation and dressing, the recent modern society must pay much greater
attention on the recovery of useful components from the already manufactured and used products, i.e.from
the recent waste. The waste recycling is therefore necessary to be considered as an important task of the
highly developed society of the 21st century and the waste obtains the importance of the source of the
secondary raw material.

The presented review of the research trends in the raw material recycling and the recent obtained
positive results encompasses the availability of the repeated obtaining of several useful elements (Cu, Zn,
Ni, Ag, a.0.) and compounds (e.g. MgCO;) from the polluted water, settling pits, by the land reclamation in
the industrial areas, or the processing of alkaline and Ni-Cd batteries. Several papers point to the toxicity
and health risks accompanied with the presence of elements As, Sb, Cd, Pb, or the Ag nanoparticles in the
living environment, and the inevitability of solving this problem.The journal presents various methodologies
ofthe pollutants removing, including the environmentally friendly biological methods — biosorption, biological
leaching, or bacterial reduction. The waste recycling by this way becomes, besides the secondary raw
material source, also a task of the high environmental priority.

Predkladané ¢&islo geovedného casopisu Mineralia Slovaca je svojim obsahom netypické. Kym
Standardne ¢asopis poskytuje informacie o novych zisteniach v problematike geologickej stavby tzemia
Slovenska, o nerastnych surovinach a ich vyuZivani, ¢i o problematike environmentalnej, predkladané cislo
upozorriuje, Ze pre casové obmedzenie ziskavania nerastnych surovin z prirodného prostredia, z dévodu
vyCerpatelnosti zasob a environmentalnych rizik taZby a upravnictva, musi byt v sucasnej modernej
spolo¢nosti kladeny podstatne vdc$8i déraz na znovuziskavanie GZitkovych zloZiek z uz vyrobenych
a upotrebenych produktov, t. j. zo suc¢asnych odpadov. Preto je potrebné za délezitu ulohu vyspelej
spolocnosti 21. storo¢ia povaZovat recyklaciu odpadov, ktoré sa dostavaju do pozicie zdroja druhotnych
surovin.

V prehlade o trendoch vyskumu v problematike recyklacie surovin a doterajSich, v mnohych smeroch
pozitivnych, vysledkoch referujeme na strankach predkladaného cisla ¢asopisu o moznosti opdtovného
ziskavania viacerych kovov (Cu, Zn, Ni,Ag a dalSich) a tzitkovych mineralov (napr. MgCQ,) zo znecistenych
véd, odkalisk, rekultivaciou p6édy z priemyselnych oblasti ¢i spracovanim alkalickych a Ni-Cd batérii. Viacero
prispevkov poukazuje na toxicitu a zdravotné rizika spojené s pritomnostou As, Sb, Cd, Pb ¢i nanocastic Ag
v Zivotnom prostredi,a na ekologicku naliehavost rieSenia tohto problému.V predkladanom cisle ¢asopisu
prezentujeme rézne metodiky odstrariovania polutantov vratane ekologicky Setrnych biologickych metdd
— biosorpcie, biologického Ithovania Ci bakterialnej redukcie. Recyklacia odpadov sa takto stava popri
zdroji surovin aj prioritnou environmentéalnou tlohou.

Zoltan Németh
Scientific editor

vi
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Abstract

In the surroundings of the Lubietova deposit the As and Sb contamination of the landscape
components, i.e. sediments (both technogenous sediments and soils) and as well groundwater
and surface water was described. As(V) and Sb(V) species are predominant species in the
sediments while in the water As(lll) and Sb(lll) are dominant. The utilization of Eh-pH stability
diagrams is complemented by the classic determination of As and Sb species by means of HG

AAS method.

The presence of very toxic As(lll) and Sb(lll) species encourages the increased aspect
during the estimation of the environmental risk within the studied area.

Key words: arsenic, antimony, speciation, toxicity, technogenous sediments, groundwater,

surface water

Introduction

The decrease of pH and changes of oxidation—reduction
potential (Eh) in sediments of the dump fields at the
Lubietova Cu-Ag deposit induces the release of toxic metal
elements (mainly Cu, Fe, Cd, As, Sb, Pb, Zn, Mn, Ni, Co)
from the solid phase where they are presented in the form
of the less soluble minerals or in sorption complex into the
groundwater and surface water. Concernig the environmen-
tal risk, toxic metals As and Sb represent the highest risk
at the studied locality (according to Andras et al., 2008).

Arsenic belongs among nerve poisons with cumulative
character (Pitter, 1990). Elementary As° is insoluble in
the water and is not considered as toxic. In a matter of
fact, after its consummation its transition to various toxic
compounds occurs. Arsenic begins to be toxic (arsenious
oxide — As,03) in the dose above 10 mg (1 to 2 mg per
1 kg of weight). Average fatal dose is 180 mg for grown-
-up man. Generally, 99 % of As is imported into the human
organism by the water and food consummation. The as
compounds have mutagenic, cancerous and teratogenic
effects. Arsenic penetrates through the placenta into the
breast milk. It binds on erythrocytes, deposits in the liver,
kidney, skin, hair, nails, and cerebrum. It acts as capillary
and cytostatic poison (Kafka and Pun€ocharova, 2002).
It inhibits or blocks SH-group in enzymes by biochemical
effect on human organism. It causes change of their
effects, disconnects oxidation phosphorylations running in
mitochondria whereby causing the destruction of respiration
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function of tissues. Arsenic replaces very often phosphorus
and inhibits corresponding enzymes. It has an impact on
capillary epithelium, causes destruction of blood vessels
and increases their fragility. It accumulates in liver, bones,
nails and hairs where it is mainly bound to S-S bridging of
keratin (Benbrahim-Talla and Waalkes, 2008).

As toxicity increases in the order: organic compounds
As(V) — arsenate, inorganic compounds containing As(V),
organic compounds As(ll) —arsenate, inorganic compounds
As(Ill) — arsan. As(lll) compounds are about 5 or 10 times
more toxic than As(V) compounds (Lin and Puls, 2000) but
As(V) has stronger cancerous effects. As(lll) and As(V) can
create methyl compounds (mono — di — trimethylarsenic)
whereby causing the transition to less toxic forms
(Matschullat, 2000). Majority of mammals methyl inorganic
arsenic to dimethylarsenic acid. This substance is causing
organ-specified toxicity and is promoting the formation of
tumors in many organs (Benbrahim-Talla and Waalkes,
2008).

Acute poisoning by As is evident as gastro-intestinal
disease accompanied by vomiting and diarrhea. As(lIl)
inorganic compounds cause cancer of prostate, skin,
blood vessels and kidney (Benbrahim-Talla and Waalkes,
2008). Chronic poisoning causes neurological difficulties,
faint paralysis of hands and legs whereas gastro-intestinal
symptoms are weaker. There can be observed formation of
stains on the skin, decrease of potency, salivation, weight
loss, central damage of visual and acoustic analyzer,
painful peripheral polyneuritis, anemia, damage of bone
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marrow and spleen and neurological and hematological
changes (Melichercik and Melicher&ikova, 1997). The most
serious chronic effect is cancer of skin and lungs. Poisoning
by As can be identified by horny skin with characteristical
glaucous chromatosis, white stripes on nails and garlic-
-smelling breath (Kafka and Pun&ocharova, 2002).

In the fields treated by pesticides, arsenic is built into the
soil and causes drop in productivity of arable crops and
damage of trees (Kafka and Pun€ocharova, 2002).

The main source of As at the locality of Lubietova is
tetrahedrite, less important and more rare is arsenopyrite.
During weathering, arsenic ore minerals are easy oxidized
and As is transformed from forms with lower oxidation
number to As(V) creating compounds of arsenic acid (Lin
and Puls, 2000). It is soluble in the water but rarely can
migrate to greater distances due to the fast reaction with
metal cations and As and is bounded in the form of various
arsenates.

Antimony compounds are less toxic than arsenic
compounds. It is similar to arsenic with its impacts but
poisoning by antimony is easier due to slower adsorption
of its compounds. Soluble compounds in digestive tract
hydrolyze, insoluble are less toxic. The most toxic compound
of Sb is antimony potassium tartrate which is equally toxic
as arsenious oxide and has similar disease effects.

Antimony causes temporary state reminding heart-
-attack. It inhibits some enzymes, influences metabolism
of proteins and sugars, prevents the formation of glycogen
in liver, and raises hypoglycemic states (Cejpek, 2000).
Acute poisoning is evident as irritation of digestive tract,
capillary dilatation, bloody diarrhea, persistent vomiting
causing dehydration. There is observed the blood pressure
drop causing collapse. There can be also observed
bronchial spasma and persistent cough. Blood sugar level
is decreasing and acute poisoning can be followed by
symptoms of the liver damage.
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During the long-term exposition the formation of stains on
the skin on uncovered parts of the body can be observed
as well as the degenerative changes on nails, formation
of abscesses on nose septum, early loss teeth, chronic
bagassosis, dyspepsia, vertigo, weight loss, cardiac-vessel
diseases, failure of menstruation cycle and a retardation of
the children’s growth up to 1 year. Sb can enter into the
human organism by inhalation or by direct skin contact.
Toxic dose is 150 mg (Marhold, 1980).

Elementary Sb is more toxic than its salts. Sb(lll)
compounds are 10 times more toxic than Sb(V) compounds
(Smichowskia, 2008) and methyl forms of Sb are less toxic
than its inorganic salts. Sb(lll) is markedly carcinogenic.
Antimony in waters is usually presented as Sb(lll), Sb(V),
CH3SbO(OH), and (CH3),Sb(OH).

Antimony is presented in nature mainly in the form of
sulphides or oxides of Sb(lll) and Sb(V), most frequently
as antimonious oxide Sb,03, antimonic sulphide Sb,S; and
antimony chloride SbCl; (Bencko et al., 1995). Oxidation
mechanism of Sb(lll) to Sb(V) is controlled by pH. This
process is slower than by oxidation of many other metals
(for instance Mn, Fe, etc.). Sb(lll) can be stabilized by the
formation of complex compounds (Leus and Johnson,
2005). It can bind very strongly on particles containing Fe,
Mn or Al in the soils. From soils it gets into the food web
(Smichowskia, 2008).

Knowledge on various levels of toxic effects and on
quality of different impacts of individual compounds of toxic
metals on living organisms led to the efforts to specify the
forms of toxic metals. From the point of environment, As
and Sb present serious danger due to highly toxic character
of their compounds.

Methodology

For characterization of contamination of the landscape
components there were collected samples of technogenous
sediments (dump material, Fig. 1) and samples of the
groundwater and surface water (water from wells, mine water
and mineral water from the Linhart Spring). Reference site
A-12 (Fig. 1) is situated outside of geochemical anomalies
of heavy metals to represent similar rock environment
(Permian greywacke) as on dump field. It enables the
comparison with territories polluted with toxic metals due
to the mine activities.

pH of sediments was determined in the water and
1 M KCL leachate according to guidelines described by
Lintnerova and Majercik (2005). Samples of the groundwater
and surface water were collected 3 times: in December
(drought period), on 31 March 2008 (rain period) and on 27
May 2008 (drought period).

Samples of technogenous sediments were analyzed in
the ACME Analytical Laboratories in Vancouver (Canada)
by the ICP/MS analysis. Fe content was in the water
samples determined by AAS and As and Sb contents by
means of hydride method (HG AAS) at the Water Research
Institute in Bratislava. Determination of As speciation in the
water was realized by the connection of hydride generator
Labtech HG-2 and electrothermic automizer Perkin-

-Elmer HGA-500 with the aim to overconcentrate arsenic
volatile compounds on modified surface of graphite cuvette
(analysed by Ing. Adriana Shearman, CSc.).

Results

As and Sb distribution in the landscape components
in the surroundings of the Lubietova deposit

Distribution of toxic metals on the dump field is unequal
and reflects their primary concentration in individual parts
of dump field and geochemical relations of which migration
capabilities are very important (Andras et al., 2009).

Maximum concentrations of theoretical extractable As
(7 — 289 ppm) and Sb (7.1 — 61.6 ppm) can be considered
as relatively high (Tab. 1).

It is possible to divide samples of the groundwater (Tab.
2) into 2 classes: a) crude waters, b) drinking waters. It is
possible to assign samples T-1, LH-8 and LH-9 to crude
waters and water samples from the wells of the houses No.
423 and No. 470 (under the dump field Podlipa) to drinking
waters where as well sample LH-1 of the mineral water
from the Linhart Spring belongs. First group of samples
was compared with the Regulation of the Ministry of
Environment of the Slovak Republic No. 636/2004 Coll.
— The public water-supply systems — where individual
categories of standard methods of crude water treatment
to drinking water are established. Second group of samples
was compared with the Resolution of the Government
of the Slovak Republic No. 354/2006 Coll., establishing
requirements on water intended for human consumption
(drinking water) and on monitoring of drinking water.

Crude water: Except As content in the samples LH-8
and LH-9 (limit value established by the Regulation No.
636/2004 Coll. is < 0.05 mg - I"") all samples were in
accordance with requirements of the Regulation No.
636/2004 Coll.

Drinking water: Water samples from the wells of the
houses No. 423 and No. 470 did not exceed limit values for
indicators of heavy metals established by the Resolution

Tab. 1
pH and Eh values, Fe, As and Sb content in technogenous
sediments from the Reiner and Podlipa dump fields

H,O 1M KClI %  mg- kg™ (ppm)

Sample
pH Eh(mV) pH Eh(mV) Fe As Sb
A1 514 77 461 109 1.31 162 62
A-2 5.89 34 5.40 63 142 10 7
A-3 487 94 421 131 1.94 71 22
A4 546 59 5.33 66 2.64 169 59
A5 577 42 5.37 64 1.71 60 17
A-6 5.17 74 5.06 83 2.06 134 49
A7 793 -84 734 -58 1.32 16 12
A-8 5.42 36 5.22 42 0.91 61 18
A9 503 83 5.01 85 1.84 130 28
A-10 525 71 5.14 78 112 32 17
A-11 6.1 22 5.95 30 2.37 206 36
A-12  4.21 133 3.47 173 1.38 7 10
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Tab. 2
ICP-MS analyses of groundwater
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Tab. 3

ICP-MS analyses of surface water

pg - I pg - I
Sample pH Eh (mV) Sample pH Eh (mV)
Fe As Sb Fe Sb As
T1 6.55 —4 1 <1 <1 V-1a 77 -69 390 2.10 7.05
T-1c 6.63 -10 17 <1 <1 V-1c 77 -66 215 < 1.00 < 1.00
LH-8 6.40 +1 200 58 <1 V-2a 76 -62 270 2.00 6.02
LH-9 6.95 —27 120 61 <1 V-3a 6.7 -12 86 112 < 1.00
CD 423 6.72 -14 366 <1 <1 V-3b 6.2 14 101 1.88 3.41
CD 423c 6.71 -14 210 <1 <1 V-3¢ 6.5 0 45 2.35 114
CD 470 6.85 -21 146 5 142 V-4a 6.5 -6 26 0.74 <10
CD 470c 6.84 —20 120 1.52 1.21 V-4b 75 -58 73 < 1.00 <10
LH-1a 6.40 +4 380 <1 V-4c 6.54 -8 94 1.03 <10
LH-1 6.51 -3 381 <1 V-5 6.2 -7 160 2.00 1.08
LH-1b 6.48 -2 2260 2.52 <1 V-5a 6.2 -1 170 1.66 2.79
V5b 6.1 -8 210 2.21 3.21
Explanatory notes to tables 2 and 3: V-6a 6.4 1 200 3.38 58.5
Sampling: a) December 2007, b) March 31, 2008, c) May 27, 2008 V-6d 71 3 57 3.25 37.9
V-7a 7.0 27 120 3.44 615
V-7b 71 -29 8 4.38 38.5
No. 354/2006 Coll., only wa.ter. sample from the well of the V-8a 77 _66 540 113 503
house No. 470 exceeded limit values for Zn (3 mg - |_1) V-8b 73 —43 466 1.20 38.5
and has high content of Cu (41.1 mg - I', limit value is V-9a 7.6 —64 260 5.10 52.0
30 mg - I'). The most polluted was the water sample from V-9a 77 —67 250 4.98 48.4
; ; ; e V-10a 6.7 -14 263 1.72 <10
the mineral spring Linhart. It exceeded limit values for Mn
APy . oy > V-10b 6.2 14 274 157 121
(55 ug - | , limit value is 0.05 mg - | ) and Cd (6 ug - | y V-11b 6.7 —14 584 <1.00 1.69
limit value is 0.003 mg - I"). V-11¢ 6.9 21
Surface water (including drainage water) had generally V-12a 76 -63 140 1.10 5.0
moderately acid character at the Podlipa Locality (pH 6.1 V-13a 6 64 260 5.10 49.0
1.2 1.2
A TAs = XFe = XS = 10° mole/litre B SAs = SFe = 10° mole/litre
14 e 1 \-\ZS= 10 mole/litre
;L
0.8 - 0.8 u
. Scorodite
Scorodite FeAsO,.2H,0
0.6 {FeAsO,2H,O | m 0.6 - [ |
Fe(OH), L
0 7 By As(V), 047 m Fe(OH),
s | Fs S S s, #ASVhy
= 02 As(1l),, : = 0.2 Fe* +
AsS
4 0 3
0 Fe(OH), Fe(OH),
] +As(IID), +As(IID),
.02 | Arsenopyrite 9. “ 03 - “
FeAsS o . ®
- Arsenopyrite
04 4 @) -04 - FeAsS O
m S
061 @ 2 @ Arsenopyrite 0.6 4
@ 3 % (Vink 1996) %
-0.8 ‘ ‘ w 1 -0.8 ‘ ‘ ‘ |
2 4 6 8 10 12 2 4 6 8 10 12
pH pH

Figs. 2 — 3. Eh-pH stability diagrams of the As-Fe-O-S system. A — Vink (1996); B — Pokrovski et al. (1996, 2000).
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to 7.5) whereas water from the areas Kolba and Svatodusna
had neutral or moderately alkalic character with pH values
within the range of 7.0 (only in one case 6.4) to 7.7 (Tab.
3). Water pH was not influenced by the seasonal changer
(summer vs. winter) at any from the studied localities.

With utilization of comparison of the concentration
values of toxic metals in the surface water from the studied
localities with the recommended limit values pursuant to
the Resolution of the Government of the Slovak Republic
No. 296/2005 Coll. it is possible to state that recommended
limit values were exceeded in the case of Cu (recommended
limit value is 20 pg - I”') and As (recommended limit value
is 30 ug - I""). Concentrations of individual studied metals
were in the drought period generally about 3 times higher
than in the rain period (Tabs. 2 and 3).

As and Sb speciation

Application of results of thermodynamic studies
of various authors enabled to determine Fe, As and Sb
speciation in the samples.

The Eh-pH stability diagrams of the As-Fe-O-S
system (Figs. 2 and 3) displaying stability fields of arsenic
calculated according to thermodynamic data published by
Vink (1996) and Pokrovski et al. (1996, 2000) were adjusted
by Lalinska (2009). Arsenic data of analysed samples
of the technogenous sediments from Lubietova falling
within these diagrams mainly into the stability fields of
complexes Fe(OH); and As(V)(aq) or to mineral scorodite
(FeAsO, - 2H,0). Probably, most of As occurs in solution
in the less toxic oxidation level as As(V).

0,8 _i A

o6 | H &
H,AsO,

O /o

HAsO,”

02 —

Eh(V)0 —

-0,2 —

04 —

-0,6 —

-0,8

pH

HAsO,”

Similarly as in the previous paragraph, Eh-pH stability
diagrams of the As-H,0O-S system (Figs. 4 and 5) published
by Ryu et al. (2002) and Ferguson and Gavis (1972)
point at As occurrence in the oxidation level (V) in the
technogeneous sediments of the dump field and soil. Most
of As occurs mobile in the solution in the form of complex
H,AsQ,.

The study of As speciation in the groundwater with
utilization of Eh-pH stability diagrams points out that within
the stability diagrams by Vink (1996) and Pokrovski et al.
(1996, 2000) most of samples fall within the stability fields
of As(lll) (Figs. 2 and 3). According to stability diagrams
of Ryu et al. (2002) and Ferguson and Gavis (1972) As
occurs in the form of complex H3AsO; (Figs. 4 and 5) or in
the form of mineral orpiment As,S; (Fig. 4) and complex
HAsO,? (Fig. 5).

Arsenic in the surface water is presented as As(l1l) 5
(Figs. 2 — 5), in the form of finely dispersed arsenopyrite
(FeAsS; Figs. 2 and 3) or in the form of HzAsOj, As,Ss,
HAsO42-, AsS? or in the elementary form (Figs. 4 and 5).

Antimony is according to Vink (1996) in the supergene
oxidation conditions mobile and behaves as arsenic.
Eh-pH stability diagram by Brookins (1988) and Vink
(1996) enables to specify Sb speciation (Fig. 6). Samples
of technogenous sediments from Lubietova are falling
within the stability field of complex SbOj™. Similar Sb form
in the water with nearly neutral pH was described as well
by Ashley et al. (2003).

In the groundwater antimony occurs mainly in the form
of oxides Sb,Og. In one sample antimony occurs in the
elementary form and in the other sample occurs on the

0,8
5

Eh(V)

pH

Figs. 4 — 5. Eh-pH stability diagrams of the As-H,0-S system. A — Ryu et al. (2002); B — Ferguson and Gavis (1972).
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boundary line of the stability fields of solution and stibnite
Sb,S; (Fig. 6).

In the surface water the predominant forms of antimony
occurrence are oxides Sb,Og. The occurrence of antimony
in the form of complex SbO;~ and elementary Sb is
marginal (Fig. 6).

Determination of As speciation by the method described
by Hagarovéa et al. (2004) pointed at predominant the
occurrence of As(V) in the surface water in the hypergenic
conditions of the dump fields. About one third of samples
showed certain portion of As(lll) not exceeding 30 % and
the remaining part should have been As(V). The highest
portion of As(lll) was determined in the samples of the mine
water V-7 (30 %), in the samples of water from the mountain
stream by the mine water inflow V-8 (45 %), in the samples
of surface water from the Peklo valley V-9 (20 %) and in the
sample of water from the stream of the reference site V-12
(15 %) where total contents of As and Sb were very low.

Discussion

Arsenic occurs in the water mostly in the following forms:
H,AsO,~, HAsO,>~and HAsO,° (Greenwood and Earnshaw,

1,2
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1990) whereby As(lll) is in the oxidation weathering zone
more mobile than As(V) (Manning and Goldberg, 1997).
The high As content in the water is connected with the
decomposition of tetrahedrite (and arsenopyrite). It is
controlled by the As sorption on amorphous Fe oxides
and oxyhydroxides, clay minerals and hydro-goethite and
by the decomposition of these secondary phases during
changes of conditions (Andra$ et al., 2009).

It is generally stated that in the reductive conditions As
mobility is intended by bond of arsenates and arsenites on
the surface of minerals, mainly on Fe oxyhydroxides. In the
sulphide waters and in the systems containing sulphides,
great part of dissolved As occurs in the form of As-S
compounds playing important part during the dissolving
of As sulphide minerals in alkalic conditions (Wallschldger
and Stadey, 2004).

Sorption capacity of clay minerals, hydro-goethite and
Fe oxyhydroxides against As is very high (up to 76 mg - I
of As in Fe oxyhydroxides under pH 5). As sorption depends
on pH, time, As concentration in solution and temperature
(Mohapatra et al., 2007). The most intense sorption is
under pH 4 (Garcia-Sanchez et al., 2002; Lombi et al.,
2000). According to Mohapatra et al. (2007) the kaolinite

0,8

0,6

0,4 —

0,2

stibnite

Eh 0

-0,2

-0,4 -

-0,6 —

System Sb—0-H-S
2Sb = 1078
2S = 1073

Fig. 6. Eh-pH stability diagram of Sb
species (Brookins, 1988; Vink, 1996).
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is the best sorbent of As(V) from clay minerals presented
in the dump field Lubietova-Podlipa. Less toxic As(V)
sorbs on clay minerals more easier and quantitative than
more toxic As(lll). During this process As(lll) is oxidized
on As(V) (Lin and Puls, 2000). Low oxidation—reduction
potential causes arsenic precipitation and therefore clay
shale with content of organic matter or sulphides are
richer in arsenic.

The greatest portion of As(lll) was determined in the
samples of the groundwater and the surface water with
high negative values of Eh. Sb speciation was not verified
by the hydride method HG AAS. Sb(lll) and Sb(V) exist in
natural conditions in soluble forms: Sb(V) as Sb(OH)s~ and
Sb(lll) in the form of Sb(OH); (Filella et al., 2002). Hydro-
goethite and Fe oxyhydroxides are important sorbents
of Sb. Sb(lll) and Sb(V) create on the surface of hydro-
goethite and Fe oxyhydroxides complex compounds. Sb(lll)
can best sorb under pH 3 — 12 while maximum sorption
of Sb(V) occurs under pH < 7. On the surface of hydro-
goethite and Fe oxyhydroxides can occur during several
days Sb(lll) oxidation mainly under pH 3 — 5.9. Under pH
~ 9 its mobilization and release into the solution occurs
while under pH < 7 it remains bounded on the surface of
Fe oxides (Leus et al., 2006).

As Sb sorbs relative well on the surface of Fe oxides
and oxyhydroxides it is possible to assume that part of Sb
occurs in the water solution in the form of Sb,Og and SbO5~
particles < 0.4 um (Lalinska, 2009). It is suggested from
relatively high level of Fe : Sb correlation (Tabs. 1 — 3).

Andras et al. (2008) found out that cementation
process known at the Spania Dolina deposit occurs as
well as at the Lubietova deposit. It would be possible to
use this process for construction of the Fe® — barrier to
remove heavy metals (mostly Cu, As, Sb and Cd) from the
drainage water.

Conclusions

Technogenous sediments and water at the locality of
Lubietova are contaminated by arsenic and antimony. In
the sediments (and soils) there is predominant arsenic in
the less toxic oxidation level as As(V) and occurs in the
form of FeAsO, - 2H,0 or in the forms of H,AsO, and
HAsO,%~. The study of antimony speciation pointed out at
the occurrence of SbO3- species corresponding to minerals
senarmontite and tripuhyite.

In the groundwater there is predominant As(lll) in
various forms as H;AsO,°%, HAsO,?~ and As,S;. Antimony is
predominant as Sb,Og which is identical with the valentinite.
In the surface water As was determined in both oxidation
levels as As(lll) and As (V). There are predominant forms
of H;AsO4° and As,S..
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Abstract

In this work, the sorption of As(lll) and Cd(ll) on mechanically activated minerals, such
as magnetite Fe;O, (Kiruna, Sweden), olivine (Mg, Fe),SiO, (Aheim, Norway) and talc
Mg3[Si,O10](OH), (Hnusta, Slovakia), has been studied. Removal of heavy metals based
on sorption on mineral surfaces has been suggested as an alternative approach. Activation
processes based on the high-energy milling (mechanical activation) are used to modify the
properties of materials and to enhance their reactivity. Sorption activity of mentioned minerals can
be enhanced by the mechanical activation in high-energy mill Pulverisette 6 (Fritsch, Germany),
where specific surface area (S,) of mechanically activated magnetite increased. The increasing
values of S, of minerals relate with enhanced sorption ability to removal heavy metals from the
water solution. The experimental results show that mechanically activated minerals are effective
sorbents for low concentrations of heavy metals in the waste waters.

Key words: arsenic, cadmium, sorption, magnetite, olivine, talc, mechanical activation

Introduction

Arsenic and cadmium are chemical elements of
significant ecological risk. Therefore a great attention is
paid to them in environmental studies (Madhal and Suzuki,
2002). They are highly bioactive and toxic elements. Their
presence at elevated levels in the drinking water and
soils is threatening (Kang and Jin, 2004). Human beings
and animals are exposed to a risk of intoxication by these
elements through all components of the environment:
water, air, soil, and food (Zakharova et al., 2002; Alam et
al., 2003). They adversely affect biological activities as
a teratogen, carcinogen or mutagen as well as having
detrimental effects on the digestive system, respiratory
system and immune system (Liao et al., 2005). Industrial
and agricultural development has been largely responsible
for the pollution of the environment with these toxic metals,
although some contamination is derived from natural
geological sources. Several methods have been proposed
for the heavy metal removal, e.g. precipitation, membrane
filtration, ion exchange and adsorption (Habashi, 1993).
Many scientific works present the sorption of arsenic and
cadmium onto different sorbents (Mohan et al., 2007;
Yadanaparthi et al., 2009; Carrillo et al., 2006; Bhadoria
et al., 2010) including magnetite (Gimenéz et al., 2007;
Jonsson et al., 2009). Sorption activity can be enhanced by
a pretreatment method where the solid state properties of
a mineral could be changed. Mechanochemical pretreatment
belongs among such methods (Balaz, 2008). Changes
in the surface area as a consequence of milling can play
an important role by intensification of the sorption process.
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The aim of this work is to study the influence of the
high-energy milling on sorption behaviour of As(lll) and
Cd(Il) on magnetite, olivine and talc.

Experimental
Material

The investigation was carried out with the samples of
magnetite (Kiruna, Sweden), olivine (Aheim, Norway) and
talc (Hnusta, Slovakia). XRD patterns of minerals, which
have been used in the sorption experiments, are shown
in Fig. 1. Concentrate of olivine contains approximately
93 % of forsterite (Mg,SiO,) and 7 % of fayalite (Fe,SiO,)
(Osland, 1998).

Mechanical activation

The mechanical activation of magnetite, olivine and talc
was performed in a planetary mill Pulverisette 6 (Fritsch,
Germany) at the following conditions: 50 balls of 10 mm
diameter; material of the milling vial (V = 250 ml) and balls:
tungsten carbide, ball charge: 360 g, sample charge: 10 g
(magnetite), 18 g (olivine, talc); rotation speed: 500 rpm
(magnetite), 450 rpm (olivine, talc), milling time in the range
1 — 120 min (magnetite), 2 — 30 min (olivine, talc).

Sorption tests

The sorption of As(Ill) and Cd(ll) was running at various
conditions (Tab. 1) in:
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Tab. 1
Sorption conditions

Amount of sample Sorption time and type

Mineral (g/L) of apparatus
As(Ill) Cd(l
Magnetite 8inAs(lll)  0.25-6 hours, A -
Olivine 8 in As(Ill)
5in Cd(ll) 0.25—-6 hours, A 0.5-30min, B
Talc 5in Cd(Il) - 0.5-30min, B

A. Erlenmayer’s banks placed on laboratory shaker
constructed at the Institute of Geotechnics, Slovak Academy
of Sciences. Initial arsenic concentration prepared from
NaAsO, was 5 mg/L. During sorption tests the sorbent
concentration was 8 g/L of arsenic water solution. The
sorption was performed at 298 — 300 K. The sampling was
made after 0.25, 0.5, 1, 2, 3, 4, 5 and 6 hours. Initial pH was
7.9. Final pH was 7.5.

B. Glass reactor (500 mL) with mechanical stirrer. Initial
cadmium concentration prepared from Cd(NOj), - 4H,0
was 25 mg/L. The amount of cadmium solution was
200 mL. The sorption was performed at 298 — 300 K. Stirring
rate of mechanical stirrer was 500 rpm. Initial pH was 5.5
and final pH was 9.5. The sampling was made after 0.5, 1,
2,3, 5,7 10, 15, 20, 25 and 30 min. All 11 samples were
taken from 200 mL cadmium solution (the volume of one
sample was 3 mL) and this volume (3 mL) was replanished
with the initial cadmium solution.

The values of As(lll) and Cd(ll) in the solution after
sorption on non-activated and activated samples were
determined by atomic absorption spectrometry using
a SPECTRAA 240FS/240Z (Varian, Australia).

Specific surface area

The specific surface area S, was determined by the
low-temperature nitrogen adsorption method. The Gemini

F = Forsterite

2360 sorption apparatus (Micromeritics, USA) has been
applied.

X-ray diffractometry

The X-ray diffraction measurements were carried out
using a diffractometer X Pert (Philips, Netherlands) working
in the 20 geometry with CuKo. radiation. The XRD lines
were identified by comparing the measured patterns to
the JCPDS data cards. The effect of mechanical activation
was evaluated by the decrease of crystalline phase X of
magnetite, olivine and talc according to formula (1):

_Uo L

0 X

X

100 (%) )

where U, and U, denote the background of the
reference and activated sample, while |y and I, are integral
intensities of selected diffraction lines of reference sample
and activated sample, respectively (Ohlherg and Strickler,
1962).

Results and discussion
Mechanical activation

There was estimated an increase of the surface area of
all above mentioned minerals with the time of mechanical
activation in a planetary mill. The dependence of the
specific surface area on the time of milling is shown in Fig. 2.
As can be seen, the specific surface area of mechanically
activated magnetite increased from the value 0.1 m?/g to
11.9 m?/g (ty, =90 min), olivine from value 0.3 m?/gto0 5.2 m?/g
(tm = 30 min) and talc from the value 4.0 m?/g to 70.7 m3/g
(tw = 15 min). The values of surface area of magnetite and
talc achieved its maximum after 90 and 15 min of milling,
and then this value rapidly decreased. Formation of the
new surface area during mechanical activation of olivine
consists of two stages. In the first stage the increase in the

surface area is almost proportional to the milling

time, the second stage is steady. Process of the
new surface formation was accompanied by
the effect of particle enlargement (aggregation
and/or agglomeration).

The lattice defects deformation in the bulk

Intensity

of minerals can be characterized by several
physico-chemical methods (Balaz, 2000; Balaz,
2008). One of them is the X-ray diffractometry
method (XRD), which allows the study of the
disordering of minerals crystal structure. The

T=Talc

M = Magnetite
Q =Quartz

M

changes induced by mechanical activation
can be observed by looking at minerals
lines broadening, shift and the reduction of

line intensity. The noticeable decrease of
crystallinine phase X, calculated to the formula
(1), is determined at mechanically activated

10 20 30 40 50 60
2°Theta

Fig. 1. XRD patterns of (A) magnetite, (B) talc and (C)
olivine.
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minerals (Fig. 2) and would provide complementary
information about the amorphization of the process.

Sorption of As(lll) and Cd(lI)

Sorption experiments were done by 90 min mechanically
activated magnetite, 30 min mechanically activated olivine
and by 15 min mechanically activated talc, where the highest
specific surface area was performed. In Fig. 3 there is
aremoval efficiency of arsenic E (%) from the water solutions in
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dependence with the sorption time for mechanically activated
magnetite and olivine. As can be seen, sorption of As(lll)
on mechanically activated magnetite is immediate, while
on mechanically activated olivine is phased. At magnetite,
the equilibrium state of sorption occurs at the beginning of
sorption times and than the removal efficiency of arsenic on
magnetite increases very slowly. At olivine, this state occurs
later and the curve becomes sigmoid. The highest removal
efficiency of arsenic was detected after 6 hours of sorption, in
the case of magnetite it was 96 % and of olivine 99 %.
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Fig. 2. Specific surface area, S,, and content of crystalline phase, X of (A) magnetite, (B) olivine and (C) talc as a function of milling time, t,.
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Fig. 3. Removal efficiency of arsenic, E, vs. sorption time, ts, for (A) magnetite (tyy = 90 min) and (B) olivine (ty = 30 min).
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In Fig. 4 there is a removal efficiency of cadmium E (%)
from the water solutions in dependence with the sorption
time for mechanically activated olivine and talc.

As can be seen, sorption of Cd(ll) on mechanically
activated olivine is again phased, while on mechanically
activated talc is immediate. The highest removal efficiency
of cadmium was detected after 30 min of sorption, in the
case of olivine it was 95 % and of talc 97 %.

We can conclude that mechanically activated magnetite,
olivine and talc are effective minerals for removal of low
concentrations of heavy metals, such as cadmium and
arsenic from the waste waters. Sorption ability is in all
activated samples more than 90 %, while sorption ability of
non-activated samples was not detected.

Conclusion

We investigated that mechanical activation of minerals
in a planetary mill causes the increase of its specific
surface area with the milling time. The increasing values
of S, of minerals relate with the enhanced sorption ability
to remove heavy metals from the water solution. The
experimental results show that mechanically activated
minerals are effective materials for removal of low heavy
metal concentrations in the waste waters.
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Abstract

The utilization of biosorbent immobilized in polymer matrix is studied to widen the
biosorption application in the recent practice. These biosorbents have the right size, mechanical
strength, rigidity and porosity. In this work the algae immobilized in calcium alginate were used
as biosorbent. The stability of immobilized biosorbents in acidic solutions (pH 1; 2.5 and 5) was
observed. Three differently prepared groups of immobilized beads (gel, dry and dry dipped in
water for 12 hours before the experiment) were used. All groups of beads were stabile in the
weak pH solutions but low pH (pH = 1) caused disintegration of beads. Apparently low pH is not
suitable for application of biosorbents immobilized in calcium alginate. Biosorption of copper
and zinc from the single and binary metals was also studied. Higher capacity of biosorption
(36.7 mg - g~') was found for copper ions in comparison with the zinc ions where the maximum
observed biosorption capacity was 27 mg - g~. The presence of another ion decreased the
biosorption capacity of both studied metals. The maximum biosorption capacity from two-ion
solution was 32.6 and 10.5 mg - g~' for Cu and Zn, respectively.

Key words: immobilization, pH, stability, swelling, biosorption, Chlorella kessleri

Introduction

The removal of toxic metals from wastewater is
a matter of great interest in the field of water pollution (Fiol
et al., 2006). In the past decades, one has been looking
for inexpensive technologies to control metal pollution. As
a cost-effective mean, biosorption has been extensively
studied for removing a wide variety of soluble heavy
metals (Liu and Liu, 2008). Biosorption can be defined
as a passive sequestering of metal ions by metabolically
inactive biomass (Kadukova and Stofko, 2006; Wang and
Chen, 2009). Biomass immobilization is an essential step
for an industrial scale-up of biosorption. Unlike biomass
in its native state, immobilization provides biosorbent
particles with the adequate size, density and mechanical
strength required by continuous systems (Volesky, 2003).
Besides, immobilization can save the cost of separating the
biomass from the treated solution which can represent up
to 60 % of the total cost. This process also enables biomass
regeneration in various adsorption-desorption cycles.
Natural polysaccharide gel matrixes, such as alginate, are
widely used and represent a cost effective alternative to
synthetic polymers (Lagoa and Rodrigues, 2007). Alginate is
a component of the outer cell wall of the brown algae and itis
responsible for the high metal uptakes of algae. Additionally,
alginate itself has biosorption capacity, favouring a possible
synergic effect with the immobilized biomass (Mata et al.,
2009). The knowledge of biosorbents stability in various
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environments is one of the main requirements for their
usage in the columns. It was found that calcium alginate is
very little stabile in alkalic conditions and the presence of
Nat* and K* ions (Ivanova et al., 2009).

The aim of this study was to investigate the swelling
behaviour and stability of algae immobilized in the calcium
alginate in acidic solutions. Additionaly the capacity of
immobilized biosorbents to remove copper and zinc ions from
the single and binary metal aqueous solutions was studied.

Materials and methods
Biosorbent

Chlorella kessleri, an unicellular green alga, obtained
from the Institute of Botany of Slovak Academy of Science
was used in this study. It was grown at 25 °C in aerated and
lighted liquid medium Milieu Bristol (Kadukova and Vir&ikova,
2003). In the Log phase of growth, Ch. kessleri cells were
cooled, centrifuged at 3 000 rpm for 5 min, washed twice
with distilled water and then dried at 100 °C for 3 h. Dried
powdered biomass was used for immobilization.

Preparation of immobilized algae in calcium alginate beads

Powder prepared from dried algae Chlorella kessleri
was mixed with 3 % sodium alginate solution in the ratio
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1:9. The solution was then dropped from a height of 20 cm
into gelling medium of 0.2 M calcium chloride solution
using a syringe with a needle. On the principle of simple
ion exchange water soluble sodium alginate was converted
to water insoluble and stable calcium alginate salt. The
formed beads were cured in the gelling medium for 2 hours.
Prepared beads were consequently divided into three
groups:

A. Gel immobilized beads (stored in distilled water).
The average size of the bead was found to be 2.6 mm.

B. Dry immobilized beads dipped in distilled water for 12
hours before using. The average size of the bead was (after
dipping) 1.7 mm.

C. Dry immobilized beads, with the size 1.3 mm.

Swelling and stability study

The pH values of sulphuric acid solutions used
in experiments were 1, 2.5 and 5. Exactly 10 beads from
each fraction were immersed in the tubs with 10 ml of acidic
solutions and stored at laboratory temperature. Changes
of weight and diameter of beads were observed.

The % weight change of the beads with respect to time
was calculated according to the formula

m, —m,
m, =————-100
" (1)
where m., — weight change [%]
m; — weight of the beads in the swollen state [g]
m; — initial weight of the beads [g]

Biosorption study

Immobilized algae were used for biosorption of copper
and zinc ions from the single and binary metal solutions
with initial concentration 135 mg - dm=3 and 150 mg - dm3
for Cu?* and Zn?*, respectively. pH value of used solutions
was 4.5. This pH value was chosen according to previous
experimental studies (Horvathova et al., 2008). Fraction A
(gel beads) were used for biosorption study. Concentration
of dry biosorbent added into the solutions was 2 g - dm™
(it represents 250 beads). These solutions were stirred
during 24 hours. At selected time intervals, solution samples
were withdrawn for metal analysis. The concentration of
Cu?+ and Zn?* ions was measured by atomic absorption
spectroscopy (Varian AA20+).

The metal uptake g, at the time t was calculated from
the mass balance equation as follows:

g =V€0=C) @

m

where q; — the quantity of metal uptake by biomass
[mg- g™ attime t
C, — the initial metal concentration [mg - dm~3]
C,; — metal concentration at time t [mg - dm~3]
V —the volume of solution [dm?]
m — dry weight of the biomass added [g]

Results and discussion
Swelling studies

Wastewater is the heterogeneous mixture of different
ions with various pH values so knowing the behaviour of
biosorbents in various environments before their application
is crucial. Three different pH values (1; 2.5; 5) were chosen
for the study of the influence of acidic conditions to the
stability of calcium alginate beads. The beads were exposed
to the influence of sulphuric acid until their degradation was
so large that there was no possibility to handle them. The
effect of sulphuric acid to three studied fractions of calcium
alginate beads is visible in the Fig. 1.

Fraction A (gel beads) swelled during the first day
irrespectively on the pH value of solutions. At pH 1 the
beads weight increased only by 3 % but then started to
decrease, at day 4 beads had original weight and then the
weight of beads was lowering but they kept their shape. The
beads at pH 2.5 and 5 have swelled greatly during the first
day. The weight of them has grown by 50 %. During next
day the weight of these beads did not change significantly.
After 29 days beads in solution with pH 1 and 2.5 were
degraded in such great extent that they were not able to
keep their shape and have disintegrated.

Beads from fraction B (dry beads immersed in water
before usage) swelled by 20 % at pH 1 and 5 and by 100 %
at pH 2.5 during the first day. After the first day the weight of
beads at pH 2.5 and 5 did not change considerably until the
end of the experiment. In contrary, the beads from solution
with pH 1 started to shrink after first day and continuously
loosed their weight. Beads from all studied pH values softened
till the end of the experiment but still kept their shape.

Dry beads from the fraction C changed their weight
in the greatest extent in comparison with previous two
fractions. They swelled by 100 % during the first day.
Beads from solution with pH 1 loosed about 25 % of their
weight between day 4 and 8 but later their weight did not
change significantly. At pH 2.5 the weight of beads started
to change after 29 days but then beads shrunken fast and
loosed majority of their weight but still did not fall under
their original weight. They disintegrated after 44 days of the
experiment. The changes in weight of beads in pH 5 were
not significant during the experiment. Beads from solutions
with pH 1 and 5 kept their shape but after 44 days were
difficult for handling.

Changes in bead diameters were also measured but
they corresponded with weight changes.

All beads swelled during the first day. It was probably
caused because of acid solution penetration into the bead
and filling of free space among polymer chains. According
to Hoffman (2002) the main reason of hydrogel swelling is
the hydration of hydrophilic groups of alginate. Shrinking
was observed only at pH 1 at all fractions and at pH 2.5 at
fraction C. It was not observed at solutions with pH 5. At low
pH probably carboxylic groups of alginate were protonated
and hence electrostatic repulsion among these groups
lessened and shrinkage was favoured (Hoffman, 2002).
Shrinking of beads from fraction C (dry beads) could be
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caused by a little content of water in their bodies so higher
amount of acid solution could enter inside in comparison
with bead from fraction A and B which all contained some
amount of water before the experiment. Penetration of
weak acidic solution caused probably mostly swelling while
penetration of strong acidic solution (because of protonation
and consequent chain repulsion) caused shrinking.

a) 125
—a =Cgroup
100 £~ —®— Bgroup
N .
—e— A group
_ N — .
x 75 - .
&= S A
P
an
=
£ 50
e
=
20
< 25
= -~ -
—
0 k N
\\‘<
-25 T

0 4 8 12 16 20 24 28 32 36 40 44
Time [day]

b) 125

Weight change [%]
3]

0
B T e LS e o o e
0 4 8 12 16 20 24 28 32 36 40 44
Time [day]
©) 125
- =~
100 A LA
1 RN .-
<
o
Q\D 75’|
©
(=2
= B — )
E SOTJ
[&)
=
=y
L 25
= .,_...—--.—-———"""—'—"
0
-25 — T T T T 1T 1
0 4 8 12 16 20 24 28 32 36 40 44
Time [day]

Fig. 1. Swelling profiles of gel (A) and dry (B, C) immobilized
beads in solutions of sulphuric acid with: a) pH = 1; b) pH = 2.5
and c) pH = 5.

Application of immobilized algae for the removal of Cu?* and
Zn?* jons from the single and binary metal aqueous solutions

Biosorption of Cu?* ion from the single and binary solutions
is visible from the Figs. 2A and 2C. Previous experiments
(Horvathova, 2008) confirmed that optimal pH for the copper
biosorption is in the range 4 — 5 so values from this interval
were used for experiments. During the first 30 minutes
the biosorption was fast and later continued slowly until
equilibrium was reached. Six and four hours were necessary
to reach the equilibrium in the single and binary solutions,
respectively. The two-step-process of biosorption can be
connected with the nature of used biosorbent. During the first
fast step metal ions were probably adsorbed onto the surface
of beads and then in the second step they diffused inside
the beads. Maximum biosorption capacity of immobilized
biosorbent for Cu?* ions was 36.7 and 32.6 mg - g~' from the
single and binary solutions, respectively.

Biosorption of Zn?+ ions from the single and binary solutions
is shown in the Figs. 2B and 2C. The two step behaviour was
observed also in the case of Zn biosorption by immobilized
biosorbent. Maximum values of biosorption capacity for Zn
were 27 and 10.5 mg - g~' of biosorbent from the single
and binary metal solutions, respectively. Time necessary for
equilibrium was 6 hours in the case of single metal solution.
But in the case of two-ion solutions the concentration of Cu?
ions did not change after 4 hours but concentration of Zn?
ion slightly changed during the whole experiment. Although,
changes in Zn?+ concentration did not exceed 6 %.

Presence of Cu?* ions in solution significantly decreased
the Zn?* biosorption. Zn?* ions did not have so significant
influence on Cu?* biosorption although also in this case
very slight decrease of biosorption capacity was observed.

For both studied metal ions visible decrease of the
biosorption capacity after its steep increase was observed
(although the decrease of Cu?* biosorption capacity in
two-ion solution was neglectable). Kadukova and Vir¢ikova
(2005) found similar phenomenon during the study of Cu
bioaccumulation by living cells of Ch. kessleri. Authors
proposed that cell wall damage followed by the cell death
could be responsible for it. But they did not observe it when
non-living cells (biosorption) were used. But Mel¢akova
and Horvathova (2010), studying biosorption of Zn with
plant debris (Reynoutria japonica), and Stofko et al. (2007),
studying biosorption of Cu and Zn by saw dust, observed
similarly the decrease of biosorption capacity after its initial
steep increase. In both cases authors suggested that water
content in used materials could cause the behaviour. As
in our experiment biosorbent was used in the form of gel
beads presence of water inside the beads could influence
the biosorption capacity and caused the release of ions
previously adsorbed on the biosorbent surface. Further
studies are necessary to explain this behaviour.

Conclusions
Knowledge of the behaviour of biosorbents immobilized

in polymer matrix is one of the key factors for their application
in practice.
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Weakly acidic pH value of solutions caused significant
increase of weight of calcium alginate beads. Probably higher
volume of water had to enter into the bead to protonate all
available sites in the calcium alginate chains. But in spite of
bead weight increase beads were usable. The protonation
was probably not enough strong to cause the disintegration
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Fig. 2. Changes in metal concentrations in solutions after addition
of biosorbents a) in single solution of Cu?* (pHiia = 5; Coy, initial =
185 mg - I') or b) Zn?* (pHinige = 4.15; Czy, initiar = 150 mg - I7)
and c) in binary solution of Cu?* and Zn?* (pHyiia = 5; Ceu, initial =
185 mg - I'; Czy, initiar = 150 mg - I7").

of beads. To eliminate the weight increase is better to use
gel beads (they already contain specific amount of the water)
or to dip dry beads into water before the use. The utilization
of alginate immobilized biosorbents in solution with low pH
values (around 1) is not suitable because of strong damage
of their structure which results in beads disintegration.

Immobilized biosorbents show satisfactory copper and
zinc biosorption capacity but in the process kinetics there
is possible to observe phenomena similar with metal ion
biosorption by plant debris (saw-dust, dry leaves ...) which
are probably connected with the water content in biosorbent
particles. Further study is necessary to elucidate this
behaviour.
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Abstract

The paper deals with the mineral and chemical composition of the dust outlets from the
rotary furnaces of the iron ore works Siderite, Ltd., Nizna Slana. The products of dry and wet high
gradient magnetic separation were studied with the aim to determine the distribution of mineral
phases and chemical components using XRD, AAS and Mé&ssbauer spectroscopy. Maghemite
accompanied by siderite was found as a dominant mineral in magnetic products. An occurrence
of siderite, quartz, ankerite, sericite and chlorite in non-magnetic products was detected.

Key words: High Gradient Magnetic Separation, siderite roasting, dust outlet, maghemite

Introduction

The iron ore works Siderite, Ltd., Nizna Slana was the
only producer of iron ore in Slovakia. Due to the economic
problems its operation was shutdown in August 2008.
The run-off-mine ore was subjected to crushing and
classifying. The coarser classes were pre-treated using
a dry high intensity magnetic separation. Only class with
a grain size of 0 — 4 mm was led through bypass and
directly added to magnetic product obtained by separation
of coarser classes. In such way obtained material has been
roasted in the rotary furnaces with the aim to improve the
magnetic properties of the main utility Fe-bearing mineral,
i.e. siderite. Thus, during magnetizing roasting, siderite
was changed into magnetite and/or maghemite with much
higher magnetic susceptibility. After cooling the roasted
ore was wet ground to a grain size 90 % bellow 63 um
and subjected to wet low intensity magnetic separation.
Magnetic product was filtered and led to pelletizing plant.
Final product — blast furnace pellets usually contained
55.4 % of Fe, 3.4 % of Mn and 5 % of SiO, (Mihdk, 1997;
Lukag, 2002; Hredzék et al., 2008a).

A one of the first reports about magnetic separation
and mineral composition of dust outlets from the rotary
furnaces studied an influence of low intensity magnetic
separator drum revolution on products quality. Thus, from
the feed of dust outlet with 35 — 38 % Fe and 13 — 16 %
SiO, a magnetic product with 41 — 46 % Fe and 8 — 12 %
SiO, at a mass yield of 59 — 67 % was obtained. Recovery
of Fe and SiO, into magnetic product attained 72 — 78 %
and 36 — 53 %, respectively (Zatko et al., 1979).

Latterly, a detailed research on the application of dry
and wet ways of the high gradient magnetic separation was
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performed. A dependence of products quality on applied
magnetic induction at separation has been studied. The
cleaner products were obtained by the wet way. So, from
the feed with 26 — 28 % Fe and 16 — 18 % SiO, the magnetic
products with 44.21 — 45.71 % Fe and 1.20 — 2.55 % SiO,
at the mass yield of 31.86 — 37.03 % were attained. The
recovery of iron and SiO, into magnetic products achieved
52.35 — 59.54 % and 2.24 — 5.26 %, respectively (Hredzak
et al., 2008b, c).

Methods of experimental work and assessment

The High Gradient Magnetic Separation (HGMS) has
been carried out using universal laboratory magnetic
separator JONES in a cassette located between its poles.
The cassette was lined by two grooved plates made of
magnetically soft iron. In such way required induction and
gradient of magnetic field were achieved (Hredzak et al.,
2008b, c).

The assessment of separation products was performed
using classical material balance method. After determination
of mass yields the products of magnetic separation were
subjected to chemical analyses and volume magnetic
susceptibility measuring. Loss on ignition (LOI) at 900 °C
and SiO, content was assayed gravimetrically. Other
elements have been analysed by the atomic absorption
spectroscopy using the device VARIAN with accessories:
Fast Sequential AAS AA240FS, Zeeman AAS AA240Z
with Programmable Sample Dispenser PSD120, Graphite
Tube Atomizer GTA120 and Vapor Generation Accessory
VGA-77.

The volume magnetic susceptibility was measured
using the Kappabridge KLY-2, Geofyzika Brno, at following
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Tab. 1
Products quality of dry magnetic separation at the induction of 0.09T

Product Mass yield [%)] K Fe [%] SiO,[%] Mn[%] LOI[%] As[%] Al[%] Mg[%] Cal[%] Zn[ppm] Cu [ppm]
M 38.94 288,921 3712 12.13 1.95 6.88 0.299 3.67 3.24 1.38 360 150
N 61.06 38,012 2185 19.89 1.15 18.48 0.219 4.30 2.18 1.81 310 75
feed 100.00 135,711 2780 16.87 146  13.96 0.250 4.05 2.59 1.64 329 104
Tab. 2
Products quality of dry magnetic separation at the induction of 0.30T
Product Mass yield [%] K Fe [%] SiO,[%] Mn[%] LOI[%] As[%] Al[%] Mg[%] Cal%] Zn[ppm] Cu [ppm]
M 61.61 214,466 31.04 14.29 1.66 10.74 0.303 412 2.84 146 360 245
N 38.39 13,146 19.64 2544 1.07 18.80 0.204 4.71 2.14 181 335 85
feed 100.00 137184 26.66 18.57 1.43 13.83  0.265 4.34 2,57 160 350 184
Tab. 3
Products quality of wet magnetic separation at the induction of 0.10T
Product Mass yield [%] K Fe [%] SiO,[%] Mn[%] LOI[%] As[%] Al[%] Mg[%] Cal[%] Zn[ppm] Cu [ppm]
M 24.97 368,285 48.78 1.85 2.93 1.70 0.220 1.67 3.50 1.47 343 155
N 75.03 37,368 21.52 19.40 1.19 18.43 0.160 4.25 2.12 1.99 377 145
feed 100.00 119,990 28.33  15.02 1.62 1425 0.175 3.61 2.46 1.86 369 147
Tab. 4
Products quality of wet magnetic separation at the induction of 0.30T
Product Mass yield [%] K Fe [%] SiO,[%] Mn[%] LOI[%] As[%] Al[%] Mg[%] Cal[%] Zn[ppm] Cu [ppm]
M 36.71 304,699 41.76 4.10 2.64 7.05 0.270 1.97 3.20 1.54 295 157
N 63.29 3,620 18.47 21.86 0.95 18.46 0.215 5.69 1.62 2.10 370 143
feed 100.00 114,152 27.02 15.34 1.57 14.27  0.235 4.32 2.20 1.89 342 148
Tab. 5
Recoveries of components into products of dry magnetic separation at the induction of 0.09T [%]
Product Fe SiO, Mn LOI As Al Mg Ca Zn Cu
M 52.00 28.00 51.97 19.19 46.50 35.21 48.72 32.67 42.55 56.05
N 48.00 72.00 48.03 80.81 53.50 64.79 51.28 67.33 57.45 43.95
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Tab. 6
Recoveries of components into products of dry magnetic separation at the induction of 0.30T [%]
Product Fe SiO, Mn LOI As Al Mg Ca Zn Cu
M 71.72 47.41 71.42 47.83 70.47 58.38 68.02 56.55 63.30 82.23
N 28.28 52.59 28.58 52.17 29.53 41.62 31.98 43.45 36.70 1777
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Tab. 7
Recoveries of components into products of wet magnetic separation at the induction of 0.1T [%)]
Product Fe SiO, Mn LOI As Al Mg Ca Zn Cu
M 43.00 3.08 45.03 2.98 31.39 11.56 35.46 19.73 23.24 26.24
N 57.00 96.92 54.97 97.02 68.61 88.44 64.54 80.27 76.76 73.76
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Tab. 8
Recoveries of components into products of wet magnetic separation at the induction of 0.3T [%)]
Product Fe SiO, Mn LOI As Al Mg Ca Zn Cu
M 56.74 9.81 61.72 18.14 42.15 16.72 53.40 29.84 31.62 38.91
N 43.26 90.19 38.28 81.86 57.85 83.28 46.60 70.16 68.38 61.09
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Tab. 9 Tab. 10
Evaluation of Méssbauer spectrum of magnetic product Evaluation of Mdssbauer spectrum of magnetic product
obtained at 0.09T by dry way obtained at 0.1T by wet way
iron & [mm/s] AEq (€) [mm/s] H[T] og[T] 1[%] iron & [mm/s] AEgq (€) [mm/s] H[T] og [T] [1[%]
Fe2+ 1.22 1.77 0 18.00 Fe2* 1.21 1.74 0 7.87
Fe3* in y-Fe,0; 0.31 48.62 119 5793 Fe3 in y-Fe,0; 0.31 48.69 1.31  59.59
Fe3*in y-Fe,O5 0.48 45.34 3.46 24.07 Fe3* in y-Fe,O; 0.47 45.10 3.51 3254

Sum of iron 100.00

Sum of iron 100.00

conditions: the magnetic field intensity of 300 A - m™', the
field homogeneity of 0.2 %, the operating frequency of
920 Hz, the range of —1,999 - 106 + +650,000 - 106 S| unit.

The XRD study of magnetic separation products was
performed using the device DRON-UM1 with goniometer
GUR-8 at following conditions: radiation CuKa., Cu-filter,
voltage 30 kV, current 20 mA, step of goniometer 2°/min.
The device id equipped by evaluating program developed
by PETRA-ARTEP, Ltd., KoSice, which operates on the
application interface Control WEB2000. A d-spacing was
performed using available published data (Beran and
Zemann, 1977; Davies and Evans, 1956; Graf, 1961;
Gualtieri, 2000; Hamer et al., 2003; Hazen et al., 1989;
Parra et al., 2005; Proust et al., 1986; Reeder and Dollase,
1989; Smith, 1992; Tomita and Sudo, 1971).

The room-temperature Mossbauer spectroscopy
measurements were made in transmission geometry using
a conventional spectrometer in a constant acceleration
mode. A 57Co/Rh gamma-ray source was used. The velocity
scale was calibrated relative to 5Fe in Rh. A proportional
counter was used to detect the transmitted gamma-rays.
Mdossbauer spectral analysis software RECOIL (Lagarec
and Rancourt, 1998) was used for the quantitative
evaluation of the spectra. The spectra were fitted using
the Voigt-based fitting method providing distributions of
hyperfine parameters.

Results and discussion

The products of magnetic separation obtained at the
lowest and the highest values of magnetic induction were
subjected to mineralogical study. The qualities of studied
products and recoveries of observed components into
separation products are introduced in Tables 1 — 4 and 5
to 8, respectively (where k — volume magnetic susceptibility
in 1078 Sl units, LOI — lost on ignition, M — magnetic product,
N — non-magnetic product). The XRD patterns are shown
in Figs. 1 — 8, where used abbreviations mean (Hovorka
and SpiSiak, 1984): Magh — maghemite y(gamma)-
-Fe, 04, Sdr — siderite FeCOg, Qtz — quartz a(alpha)-SiO,,

Ank — ankerite Ca(Fe**, Mg, Mn)(CO;),, Ser — sericite and
Chl — chlorite.

The Mdssbauer spectra of magnetic products obtained
at the lowest magnetic induction are illustrated in Figs.
9 to 10. An interpretation of M&ssbauer spectra is given
in Tables 9 — 10.

As it is shown in Tables 1 — 4 the cleaner magnetic
products were obtained using wet way magnetic separation.
Generally, the iron content is higher by 10 %, the SiO,
content and LOI values are lower by 10 % and 3 — 5 %,
respectively. A relatively high iron content in non-magnetic
product and a low iron recovery into magnetic product
advert to the iron loss in non-magnetic product.

These losses explain the results of mineralogical
analyses. In all magnetic products, especially in those,
which were obtained using the induction of 0.3T. The
maghemite is accompanied by siderite. Thus, siderite
not only lowers the Fe content in magnetic products as
a carrier CO, in its lattice (as a LOI in chemical analysis),
but also it is the cause of Fe losses in non-magnetic
products due to its low magnetic susceptibility.

Firstly, with regards to low iron content in magnetic
products, as it implies from the Table 9 in the case of the
cleanest magnetic product obtained by dry way at 0.09T
an 82 % of the total iron is bonded in the structure of
maghemite. The rest of iron as a bivalent one is fixed in
other minerals, above all in siderite, which was approved
by XRD analyses. Similarly, as to magnetic product
achieved using the wet way of separation, a share of iron
in maghemite attains of 92.13 % (Tab. 10).

Secondly, with respect to iron losses siderite in all non-
-magnetic products was determined as a dominant mineral
accompanied by quartz, sericite and ankerite.

Conclusion

The research on mineral composition of magnetic
separation products at dust outlets upgrading was carried
out with the purpose to determine the mineral phase
distribution and to verify the conversion of siderite to
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Fig. 1. XRD pattern of magnetic product obtained at 0.09T by dry way.
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Fig. 2. XRD pattern of non-magnetic product obtained at 0.09T
by dry way.
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Fig. 5. XRD pattern of magnetic product obtained at 0.1T by wet way.
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Fig. 6. XRD pattern of non-magnetic product obtained at 0.1T
by wet way.
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Fig. 3. XRD pattern of magnetic product obtained at 0.3T by dry way.
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Fig. 4. XRD pattern of non-magnetic product obtained at 0.3T
by dry way.

Fig. 7. XRD pattern of magnetic product obtained at 0.3T by wet way.
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Fig. 8. XRD pattern of non-magnetic product obtained at 0.3T
by wet way.
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Fig. 9. Méssbauer spectrum of magnetic product obtained at 0.09T
by dry way.

magnetic phases. Thus, chemical analyses, XRD study
and Mossbauer spectroscopy were performed.

From viewpoint of Fe-concentrate quality it was proven
that wet way of separation is preferable to dry one. In this
way prepared magnetic products has higher iron content
by 10 % and SiO, content was lower by 10 %.

The XRD study and Mdssbauer spectroscopy confirmed
the occurrence of siderite, which causes the unfavourable
parameters of separation process. So, to prepare an iron
concentrate of commercial quality and to prevent the iron
losses in tailings it is needed the thermal pre-treatment
of dust outlet aimed at the dead roasting of CO,, i.e. the
total conversion of siderite to magnetic phase such as
maghemite and/or magnetite.
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Abstract

Water reservoir Ruzin | on the territory of Eastern Slovakia is rich in sediments being
contaminated with several heavy metals. They come from the mining and metallurgical industrial
activities carried out near the water reservoir. This work is dealing with the study of the mobility of
Ni between the liquid phase and sediment matrix. During the bioleaching processes carried out
in the laboratory the conditions given by the environment of the dam were imitated and preserved
also in the flasks. Bacterial species Bacillus megaterium were used to increase the efficiency of Ni
bioleaching. The obtained results were compared with the activation of autochthonous microflora.
Kinetics of bioleaching was measured for 40 days. The bioleaching of Ni in the presence of
autochthonous microflora achieved higher intensity and effectivity as in the case of the application
of Bacillus megaterium. Because of the known mobility of Ni in the sedimentary environment
there is important to assess the risk of its inadvertent release into the aqueous solution. Bacterial
dissolution of Fe was simultaneously monitored during the bioleaching processes, because the
most of the Ni was present in the Fe oxides and hydroxides.

Key words: heavy metals, nickel, iron, bioleaching, heterotrophic bacteria, Bacillus

megaterium

Introduction

Water reservoir Ruzin | in the inlet of the Hornad river is
one of the most affected localities in the Eastern Slovakia
by the contamination by heavy metals (Hg, Pb, Cu, Ni,
Co, Zn, As, Sb, Cd) because of the intensive mining and
metallurgical activities in this area (Brehuv et al., 2005).
Bottom sediments of this water reservoir even after the
attenuation of the industrial activity present the important
receptors of the pollution. The amount of the contaminated
sediment deposited annually onto the bottom of the tank
moreover brings about a risk in term of its functions”
restrictions. The issue of its work out and the next use
means a poser also for experts. Contaminated sediments
could be considered as a special waste classified into the
832 02 category by EWC (European Waste Catalogue
and Hazardous Waste List). This category includes
wastes inadvisable for disposal by thermal and physical-
-chemical processes. Treatment of these sediments is
possible after their relocation to the dumping site, where
the leaching and removal of undesirable metals could be
ensured with biological processes. After the application of
bioremediation technologies sediments are reusable for
example in agriculture and building industry. Bioleaching of
heavy metals from the contaminated sediments is affected
by several physical-chemical and biological factors:
character of contaminated particles, temperature, O, and
CO, concentrations, pH, redoxpotential, composition of the
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medium, bacterial genus involved in the bioleaching process
and its concentration (Chen et al., 2001). Depending on the
character of the sediment particles, metals can be bound
with them in various chemical forms, which in term of their
mutual chemical interactions, mobility, bioavailability and
potential toxicity, exhibit different properties (Singh et al.,
2005). For the evaluation of the mobility of elements in
water-sedimentary system usually the fractionation analysis
of sediments called sequential extraction procedures is
used (Vojtekova et al., 2006). Sequential extraction method
was proposed by Tessier et al. It allows to determine the
fractionation of metals and to control their deposition into
the environment and therefore to assess their potential
impact on the aquatic biota and also to propose appropriate
remediation techniques for their elimination (Korfali et al.,
2004). This sequential extraction method includes the
distribution of heavy metals into the following fractions:
ionic exchange fraction, carbonate fraction, fraction of iron
and manganese oxides, fraction of organic matter and
sulphides and residual fraction containing alumosilicate
components of the sediment (Tessier et al., 1979). Most
of the metals presented in the sediment usually occur
in the residual fraction. Under the normal experimental
conditions, metals presented in this fraction are insoluble
and with solid bindings. Therefore their presence in this
form is considered as an indicator of the rivers” system
contamination (Singh et al., 2005). Oxides of iron and
manganese, which usually occur in the form of films and
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new-precipitated secondary minerals together with organic
matter and clays, represent also an important component.
Stated oxides preferentially adsorb or co-precipitate heavy
metals occurring in the water column. From this point of
view, they suppose to be the most effective surface-active
phase of sediments (Hartley et al., 2004; Lombi et al.,
2004).

The reactions of metals, which are important from an
environmental point of view, take place in anoxic environment
natural for the activity of dissimilatory chemoauthotrophic
and heterotrophic microorganisms using metals as an
analogue of O,. The process of the reduction of iron and
manganese by microorganisms, through reduction solubility
of solid Fe (lll) and Mn (1V) oxides, affects the conversion of
the mineralogical composition of sediments and provides
energy necessary for the growth of microorganisms (Lloyd,
2003). As a result of the release of Fe (lll) as electron
acceptors come to the influence of the mobility of toxic
metals which are bonded with the stated minerals (Lovley
et al., 2000). The changes of the mobility of metals remit
to a certain degree of instability in an aquatic environment
caused by the influence of microflora and the possibility of
their entry and accumulation in the food chain links.

The purpose of this work is to promote understanding
of the process of nickel mobility as one of the contaminants
of sedimentary environments of the dam Ruzin, depending
on the mineralogical composition of sediment and activities
of autochthonous microflora, or selected bacterial species
in the laboratory conditions. Understanding, exploitation
and regulation of this process in in-situ conditions provides
a purposeful remediation method of sediments
contaminated with heavy metals.

Material and methods

The samples of the sediment were collected from the
sediments” surface layer, depth 20 cm, in the coastal zone
Ruzin | Hornad — entry. Obtained samples were stabilized
by deep-freezing (—15 °C) with an allowance to preserve
the integrity of samples in accordance with ISO 5667-12.

The mineralogical composition of the samples was
determined by X-ray diffraction analysis (Xpert Philips
— Germany) and the content of Ni and Fe in the sediment
matrix by atomic absorption spectrometry (AAS OPTION
— spectrometer, AA — 30, Australia).

Effect of bacterial cultures and observed leaching
medium for the extraction of heavy metals from the
sediment was monitored during the bioleaching processes

......... s M 15 — montmorillonite 15A,
60 m M 22 — montmorillonite 22A,
Q - quartz.

carried out in Erlenmeyer flask with the volume 1 000 ml
at 25 °C for 40 days partially aerobically in the static
conditions. Erlenmeyer flasks” content consisted of 30 g
sediment, 600 ml of sterile nutrient medium and bacterial
inoculum with a concentration of 10" cfu/ml. Gradual
changes in the metal concentrations observed in the
nutrient media were monitored in four day intervals by the
atomic absorption spectrometry (AAS Varian AA-Z 240
with GTA-120 and AA 240-FS, Australia). The monitoring of
the bioleaching processes revealed the kinetics of Fe and
Ni extraction and also the activity of bacterial strains and
as demonstrated below it allows the precise timing of the
subsequent repeated exchanges of bioleaching medium.
The purpose of this procedure was to achieve the highest
removable metal leaching from the matrix sediment with
bacterial activity.

Bacterial species Bacillus megaterium used in the
bioleaching process has been isolated from the samples
of sediments and identified by BBL identification system
(Becton — Dickinson, USA). Bacterial cells were cultivated
on nutrient agar No. 2 (Imuna Sari§ské Michalany) at
28 °C for 18 hours and centrifuged at 5 000 rpm for 15
minutes. Consequently the cell suspension was washed
by physiological solution and added at concentration 10
into the Ashby’s solution (glucose 2g/100 ml (NH,4),SO,,
K,HPO,, MgSQ, - 7 H,0O, NaCl). The changes in pH during
the bioleaching process were measured by potentiometry
at PHM 210 METERLAB (France).

The sequential extraction of metals from sediments was
performed according to Tessier et al. (1975). Homogenized
sediment samples of the quantity of 1 g were dried at
105 °C for 5 hours. They were subsequently agitated
with the extractant and centrifuged at 5 000 rpm for 10
min. Supernatant was purified by decantation. Aroused
pellet was purified with the distilled water. This process
was repeated for using different extraction reagents. The
essential characteristic of each extraction solution presents

Tab. 1
Extraction agent used by sequential extraction method according
to Tessier (Tessier et al., 1979; Lake, 1987; Pickering, 1986)

Fraction Extraction solution

Exchangeable
Carbonates
Iron and manganese oxides
Organic matter
Residual

1M MgCl,
1M NaOAc, HOAc
0.04 M NH,OH - HCl in 25 % HOAc
0.02 M HNOj in 30 % H,0,
mixture 5 : 1 HF and HCIO,
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using autochthonous bacteria and Bacillus megaterium

Tab. 2
Physical — chemical characteristics of the sediment sample

Sample TOC pH Eh Dry weight
(%) (mV) (%)
Ruzin | 4.05 713 3414 57.02
a0 - O Exchang. B Carbonst,
@ FeMin axides O Srganic.
O Residusl.
g0
20 cm
70 4
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a0 4
%
40 1
30 4
20 4
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Fig. 2. The effectivity of Fe and Ni extraction by using
a sequential extraction by Tessier.

its ability to minimize the dissolution of other fraction,
than it is intended. Extraction reagents used during the
sequential extraction of metals from sediments are listed
in Tab. 1.

Results and discussions

The mineralogical composition of sediment shown
in Fig. 1 confirms its alumosilicate character with
a dominance of quartz and amorphous phases indicating
the presence of Fe oxides and hydroxides. From the
mineralogical point of view there was found, that the
composition of the sediment represents an environment
offering optimal conditions for the growth of so—called
“silicate bacteria” including Bacillus megaterium.

The top layer of the sediment represents the contact
zone between the liquid and solid phases of the sedimentary
environment. It reflects the current load of sediments with
occurring contaminants. Depending on changes of the
physical-chemical properties of the environment, the top
layer of the sediment represents a risk metal release into
the liquid phase and their subsequent incorporation into
the food chain links. The total content of the organic matter,
representing 4.05 % (Tab. 2) is able to adsorb a certain
amount of Ni that is reversibly releasable from this phase
back into the environment. Humic substances enter by the
activity of indigenous species of heterotrophic bacteria
into the biochemical reactions with an indirect mechanism
of the reduction of insoluble Fe (lll) to Fe (ll). Anaerobic
conditions, pH values close to the neutral and the presence
of a sufficient amount of organic material could admit the

303

goQ - = 4= =B. megat.
a0 | —I—Au.tcu:f'rt.

— e Ahict.
Fon

0]
a0o
400
300
200
100

1]

Hi /20 cm

s

Concentration (ngsml)

o 3 10

15 20 25 30 35 40 45
tiday

Fig. 3. The kinetics of the bioleaching of Ni.
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Fig. 4. The kinetics of the bioleaching of Fe.
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Fig. 5. The kinetics of pH in the bioleaching system.

activity of bacterial species supporting the mobility of Ni
in the sedimentary environment.

Fig. 2 describes the binding options of Ni in particular
fractions of the sediment and demonstrates its dominant
presence (66.36 %) in the fraction of Fe and Mn oxides
and hydroxides. These oxides are found in the sediment
between particles of other minerals, either as a thin
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film or as individual particles. In anoxic conditions they
are characterized by thermodynamic instability. They
have an excellent ability to bind several heavy metals
preferentially in their structure. The activity of Fe (lll)
reducing microorganisms causes changes in the structure
of alumosilicate components and also in the structure
of amorphous Fe oxides, which is leading to the release
of Ni into the liquid phase. Understanding the process
of mobilization of Ni and the possibility of its regulation
permits the utilization of indigenous or inoculated bacterial
species for the bioleaching processes of Ni. The task of
the experiment was to determine the effectivity of the
bacterial species Bacillus megaterium in the releasing
of Ni and Fe from the sediment matrix in comparison
with using the autochthonous microflora. The maximum
concentration of Ni in solution was recorded in 27th day
at bioleaching by bacterial species Bacillus megaterium,
and 35th day at bioleaching by autochthonous microflora.
Kinetics of Ni and Fe bioleaching processes in term of
the time did not correspond to each other. For the Fe in
both cases the maximum concentration was reached in
27th day of bioleaching. Comparing the overall extraction
efficiency, the maximum efficiency was achieved by using
bacterial species Bacillus megaterium by bioleaching of
Ni and activation of autochthonous microflora was efficient
by bioleaching of Ni (Figs. 3 and 4). The decrease of Ni
and Fe concentration in the bioleaching medium was
related to the accumulation of metabolites of heterotrophic
bacterial species (fatty acids), which reduced the pH of
the bioleaching system. It causes a decrease in activity of
presented microflora and also the extraction of metals into
the solution. The decrease in pH, as shown in Fig. 5 refers
to the production of fatty acids in to bioleaching process.

Conclusions

The determination of bioleaching kinetics in a 45-
-day interval is important for the finding of the time of
the maximum activity of the presented microflora in the
process of metal leaching in specified conditions and also
in the term of time for the bioleaching medium exchange
at the subsequent discontinuous bioleaching before the
decrease of the extraction.

Bioleaching system without bioaugmentation (Control)
and without addition of bioleaching medium showed at
absence of Ni and Fe in the liquid phase (Figs. 3 and
4). Control in Fig. 5 showed the buffering capacity of
sediment during the monitoring of metals mobility. Ashby s
mineral medium with the addition of glucose as organic

carbon source led to an increasing mobility of Ni and Fe
in bioleaching system caused by the activity of indigenous
heterotrophic bacterial species. The inoculation of
bacterial species Bacillus megaterium in symbiosis with
the autochthonous microflora in stated conditions showed
the highest efficiency in bioleaching of Fe from the
sediment. The bioleaching of Ni was efficiently by using
of autochthonous microflora. According to these results,
bioleaching of the sediments could be still an actual issue
for the next studies.
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Abstract

The contribution deals with the mineral and chemical composition of the sandy tailings
in the settling pit nearby the Rudnany village. The distribution of the mineral components in the
pit body and their zonation in the dependence on beneficiation technologies change during the
siderite, tetrahedrite and barite concentrates production are described. The results of magnetic
separation and flotation of sands from the pit and the flowsheet proposal of wasteless processing

technology are also presented.

Key words: settling pit, tailings, magnetic separation, flotation, flowsheet

Introduction

The tailings coming from the mining and mineral
processing technologies are considered to be the secondary
raw materials. They often contain utility components of
interesting grade being a result of application of obsolete
technologies in the past. Their complex utilization is
significant for national economics not only from the
economic point of view but also from the ecological one.
The tailings represent already disintegrated material of the
various grain sizes, i.e. lumpy, coarse, fine-grained, often
flotation fineness, which are deposited on the surface as
refuse piles and settling pits. Thus, as to their further use
the operations of crushing and grinding will be reduced
or they may be totally excluded from the technological
flowsheet. Moreover, an excavating of these materials on
the surface is less expensive than the underground mining
of the ores. For these reasons the processing of such
secondary materials may bring a profit despite of lower
content of utility components in comparison with the crude
ores. Taking it all, a removal of dumping areas results in
the reduction of harmful loading, unfavourably influencing
the environment.

Characteristics of the Rudiany settling pit

The settling pit nearby the Rudfany village was
managed by the so-called New industrial plant (mineral
processing plant) of the former Rudnany branch of closed
Iron Ore Works, Inc., later ZELBA, Inc., SpiSska Nova Ves.
It was formed by the silting-up of the tailings coming from
the processing of complex siderite-sulphidic and barite-
-sulphidic ores exploited in the Rudrnany and Pora¢-Zlatnik
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deposits in 1963 — 2003. The ore processing consisted
of crushing, grinding, classifying, gravity concentration,
magnetic separation, flotation and also roasting.

The settling pit is located in the cadastral districts of the
Marku$ovce and the Zavadka villages in the bottom part
of the MarkuSovce valley. Its area is of 35.1 hectares, the
length attains of 1,085 meters and the width ranges from
165 to 345 metres. The thickness of deposited materials
varies in the dependence on initial ground levels and it
may achieve maximally about 38 metres. The settling pit is
bounded by the natural ground level of the valley and also
by three earthen dams. There is no water stream there.
Recently, the settling pitis in operation. The tailings from the
flotation of the barite ore exploited in the Rudnany deposit
are silting-up on the back part of settling pit opposite the
key dam.

Altogether 9,800,000 tons of the tailings of so-called
flotation sands at a density of 1.59 t - m=3 and a total
volume of 6,200,000 m? are deposited in the settling pit.
The presented data has been calculated on the basis of
statistical observation of deposited tailings amount, i.e.
the increases by silting-up and the decreases caused by
the excavation of sands from the settling pit (Karoli et al.,
2008).

Naturally, the deposited tailings come from lodestuff
and accompanying rocks of exploited deposits. Firstly, as
to minerals from the lodestuff, the quartz, siderite, barite,
dolomite, ankerite, tetrahedrite, chalcopyrite and pyrite are
present as dominant minerals. Moreover, albite, specularite
and fuchsite also occur. Secondly, as to accompanying
rocks, basalts, basalt tuffites and pelitic metasediments,
namely graphite phyllites prevail. Paragneisses, chlorite
phyllites, sandstones, conglomerates and hydrothermally
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Tab. 1

Model material balance recalculation of the Rudrany settling pit

weight of layer [t]

content of component in layer [%]

layer volume
density weight of component in layer [t]
cars part by weight in settling of |a)_’39" part by weight in layer [%]
y pit [%] [tm?] BaSO. Cu

upper layer 2,789,409 13.01 17.23 0.054
i 1.42 353,525 480,588 1,509

1985 - till now 28.34
20.17 23.61 24.76
middle layer 3,835,823 17.39 21.77 0.071
1.40 666,905 835,083 2,723

1975 - 1984 38.98
38.04 41.04 44.68
bottom layer 3,215,768 22.78 22.37 0.058
1.89 732,621 719,496 1,862

1963 - 1974 32.68
41.79 35.35 30.56
9,841,000 17.81 20.68 0.060
sum / average 100.00 1.54 1,753,051 2,035,167 6,094
’ 100.00 100.00 100.00

Tab. 2

Grain size and chemical analysis of the material from settling pit

grain size mass yield content [%] recovery [%]

[mm] [g] [%] Fe SiO, BaSO, Cu Fe SiO, BaSO, Cu
+1.000 90.0 0.86 13.65 31.49 6.69 0.089 0.77 0.72 0.71 1.74
0.500 — 1.000 190.0 1.81 8.22 49.85 0.64 0.033 0.98 2.40 0.14 1.35
0.160 — 0.500 2,930.0 2792 10.68 48.48 2.74 0.035 19.55 36.01 9.43 22.16
0.090 — 0.160 2,458.0 23.42 15.92 34.37 8.24 0.030 24.45 2142 23.79 15.93
0.071 —-0.090 566.0 5.39 19.52 31.21 12.10 0.052 6.90 4.48 8.04 6.36
0.020 — 0.071 2,022.0 19.26 17.82 36.03 9.98 0.047 22.50 18.46 23.70 20.53

—-0.020 2,240.0 21.34 17.76 29.07 12.99 0.066 24.85 16.51 34.18 31.94
feed 10,496.0 100.00 15.40 38.12 8.1 0.046 100.00 100.00 100.00 100.00

altered varieties of these rocks are also often present.
An average chemical composition may be characterized
by the results of the semiquantitative analysis as follows:

102 — 10' Fe, Si

10" — 100 Al, Ba, Ca, Mg, Mn

10° - 107" Cu, K, Na, Ti

10-' - 102 Hg, Sb, Sr, Zn

102 -10"2% B, Co, Cr, Ni, Pb, V, Ag, Be, Ga, Sn

Thus, the major elements represent: Fe, Si, Al, Ba, Ca,
Mg and Mn. All these elements are bonded in the above
mentioned dominant utility and the gangue minerals of
exploited deposits. The content of the non-ferrous heavy
metals in order may attain about 10— 1072 %.These metals
are bonded in the insoluble form, namely in sulphides.

On the basis of data about the amounts and quality
of deposited tailings a study on material balance and
composition of individual layers of the settling pit has been
carried out. So a performance of the settling pit was divided
to two periods (Janéura and Cechova, 2001):

— 1st period — from 1963 to 1974, so called “old
settling pit’

— 2nd period — from 1975 to present time, after
realization of the project on the capacity increase of the
settling pit in 1974.

Naturally, as time goes on a material of various
qualities in the dependence on the changes in the level

of treatment techniques as well as on the feed quality to
mineral processing plant was gradually deposited. Thus,
from a viewpoint of barite content, the settling pit may be
divided into three layers (Janéura and Cechové, 2001):

1) Bottom layer, so called “old settling pit; formed during
the first stage of silting-up in the border of original dams
(1963 — 1974);

2) Middle layer, which was formed by the silting-up
the “old settling pit” after capacity increase (1975 — 1984);

3) Upper layer, so called “low grade cover” characteristic
by the decreased content of utility components as a result
of an improvement of technological parameters of the
magnetic separation and flotation (1985 — recent).

A total amount of material, its volume density, content
of components and their part by weight and percentage
in individual layers were determined. The results are
introduced in Tab. 1.

Statistical average annual values of barite content
monitored during the years of 1963 — 2000 show significant
differences, which result in various content of barite in
individual layers. For instance the difference between the
bottom and middle layer is of 5.39 %, and between the
bottom and upper layer it attains 9.77 %. Similarly, the
distribution of iron and copper in the settling pit is very
variable, too. So from the viewpoints of the content and
spatial distribution of the utility components in the settling
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pit it can be regarded as a non-uniform body. Further
detailed prospecting, using suitable wells density will
enable the cost-effective utilization of the material from the
settling pit.

The reserves of the barite ore in the Rudriany deposit will
be mined out during several years (Karoli et al., 2008). But
the production of the barite concentrate can continuously
carry on after solving and designing technology for the
processing of the flotation sands from the settling pit. Owing
to verification, the behaviour of flotation sands during their
processing, the laboratory analyses and experiments on
their upgrading were performed (Kovanicova et al., 2001).

Mineralogical and chemical analyses of flotation sands

Microscopic study was carried out with the aim
to determine a grade of the mineral liberation. Thus,
95 — 100 % of barite, siderite, quartz and slates in the
grain size class under 0.5 mm are liberated. The liberation
grade of sulphides was investigated in more details.
So in a grain size class of 0.16 — 0.50 mm the liberation
is of 80 — 90 %, in a class of 0.09 — 0.16 mm it runs
of 95 — 100 % and finally in a class of 0 — 0.09 mm it attains
almost 100 %. The obtained results point to the fact that
mineral components of the flotation sands are sufficiently
liberated and therefore no further grinding is needed.

The chemical composition of sands as a dependence
on a grain size was studied. The results of the grain size and
chemical analyses as well as the recoveries of observed
components into the grain size classes are presented in
Tab. 2.

An upgrading of sands using classifying techniques
is impossible because no significant concentration of any
component in a grain size class was observed. On the
other side a portion of grain size classes under 0.5 mm,
i.e. the classes with sufficiently liberated minerals attains of
97.33 %. On the basis of this fact a successful application
of separation method may be expected.

Results of separation and discussion

Owing to the chemical and mineral composition of
sands, the physical and physical-chemical properties
of dominant minerals an obtaining of siderite and barite
concentrates as well as tailings, containing quartz and
slates applicable as building material may be considered.
Firstly, the magnetic separation was applied with the
aim to prepare the siderite concentrate in a magnetic
product. Secondly, a non-magnetic product was subjected
to flotation to obtain the barite concentrate in a floating
product and quartz-bearing tailings in a cell one. The
results of laboratory experiments on magnetic separation
and flotation are introduced in Tabs. 3 and 4, respectively.

The application of the magnetic separation resulted
in almost twofold enhancement of the iron content in the
magnetic product in comparison with the feed quality.
Similarly, the recovery of iron into magnetic product and
on the other side the recoveries of SiO, and BaSO, into
a non-magnetic product achieved appropriate values.

Tab. 3
Average parameters of magnetic separation — laboratory experiment

product massyield content[%)] recovery [%]
[%] Fe SiO, BaSO, Fe SiO, BaSO,
magnetic 44.40 2790 18.28 159 83.47 20.48 8.68

non-magnetic 55.60 4.41 56.68 13.35 16.53 79.52 91.32

feed 100.00 14.84 39.63 8.13 100.00 100.00 100.00

Tab. 4
Average parameters of flotation — laboratory experiment

product massyield content[%)] recovery [%]

[%] Fe SiO, BaSO, Fe SiO, BaSO,
concentrate 12.04 0.76 157 9130 2.07 0.34 82.34
tailings 8796 4.91 6422 268 9793 99.66 1766
feed 100.00 4.41 56.68 13.35 100.00 100.00 100.00

Tab. 5
Average parameters of flotation — full-scale experiment

product massyield content [%] recovery [%]
[%] Fe SiO, BaSO, Fe SiO, BaSO,
concentrate 25.52 0.64 0.71 96.99 4.66 0.36 9161

tailings 74.48 3.73 6702 3.05 9534 99.64 8.39

feed 100.00 3.50 50.10 27.02 100.00 100.00 100.00

As to flotation test a relatively high-grade barite
concentrate has been obtained. The content of BaSO, in
floating product was almost by sevenfold higher compared
to feed. A high recovery of barite into floating product at
small mass yield was also attained.

So, independently on laboratory tests a full-scale
experiment on flotation of non-magnetic product was
performed. It is needed to mention that a fed sample of
non-magnetic product was of higher quality than one fed
during the laboratory test. This fact resulted in better quality
of floating product as it is presented in Tab. 5.

On the basis of laboratory and full-scale experiments
a wasteless technology was proposed. The flowsheet of
processing technology is introduced in Fig. 1. The flowsheet
covers the obtaining of all utility components but it must be
stated that at given time and prices some products are not
marketable.

Conclusion

The laboratory magnetic separation and flotation tests
and the full-scale flotation experiments applied in the
processing of flotation sands from the Rudrnany settling
pit showed that it is possible to produce siderite and high-
-grade barite concentrate as well as the quartzy sands
utilizable in the building industry.
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‘ EXCAVATION OF SANDS ‘
p coarse refuse
A
‘ MAGNETIC SEPARATION ‘
p Fe concentrate
A
‘ FLOTATION OF Cu ‘
» Cu concentrate
| FLOTATION OF BaSO, l
» BaSO,concentrate
» sands for building
industry

Fig. 1. Processing technology flowsheet.

Recently, the obtaining of high-grade barite concentrate
and sands for building industry is a foreground task. The iron
and copper-bearing sulphide concentrates are not saleable
now. But a necessity of their winning arises from the
requirements for commercial quality of barite concentrate
and sands for building industry to avoid a contamination
of the final products above all by sulphides.

The realization of flotation sands processing from the
settling pit will results in:

— Upgrading onto industrially utilizable products;

— Improvement in utilization effectiveness of engineering
facilities;

— Offering of job opportunities in the region by continuing
of present productive activity;

— Reduction of ecological loading in the Rudnany
village surrounding.
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Abstract

The paper deals with an evaluation of the flotation application suitability in the sludge
decontamination from the Cerny pfikop situated in the city of Ostrava. We used Montanol 551 as
a flotation collector, which are commonly used in coal mineral processing. The water quality in
the Cerny pfikop is predominantly determined by the quality of the discharged water from the Jan
Sverma Coking Plant, MCHZ (chemical industry) and the water from the Central Waste Water
Treatment Plant for Ostrava, which participate in the course aquosity with two thirds. Application
of the flotation is used as a new quick method of decontamination of organic pollutants as PAHSs,
PCBs and petroleum hydrocarbons C,, — C,,. Flotation of organic pollutants is very effective and
more than 90 % of hydrocarbons C;, — C,4, 70 % of PCB and 70 % of PAH from the sediments

was removed.

Key words: flotation, PAHs, PCBs, Petroleum hydrocarbons C;y, — Cy,

Introduction

Organic pollutants belong among the most ubiquitous
in our environment. They have accumulated because of
a variety of anthropogenic causes and because of their
greater hydrophobicity (i.e., their lack of solubility in the
water). The organic chemical industry, which manufactures
the carbon-containing chemicals, produces an enormous
number of materials that are essential to the economy
and to the modern life. This industry obtains raw materials
from the petroleum industry and converts them to the
intermediate materials or basic finished chemicals. Organic
chemical industries are among the largest producers of
the toxic wastes (Mukesh et al., 2005). The high content
of organic pollutants such as PAHs, PCBs and petroleum
hydrocarbons C,, — C,, in the sediments is real problem in
the city of Ostrava. These pollutants have entered into the
sediments predominantly from the waste water from both
the above mentioned sources, larger part being from the
Jan Sverma Coking Plant and probably there is a seepage
from the industrial premises of the Jan Sverma Coking
Plant and the near-by petroleum oil lagoons Ostramo,
which affect the content of hydrocarbons C,, — C,, and
PCB in the sediment.

Organics, which include polycyclic aromatic
hydrocarbons (PAHSs), chlorinated aromatic hydrocarbons,
chlorinated aliphatic hydrocarbons, halogenated
hydrocarbons, biphenyls, phenols, aniline derivatives,
phenol ethoxylates, and benzoic acid derivatives, are
ubiquitous in our environment. Both anthropogenic and
natural causes are known for their accumulation. They are
found in the water, marine systems, soil, sewage, and air.
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These are the most common pollutants and are known
to persist in the environment. Some of them, such as the
PAHSs, are potential carcinogens. All of them are reported
to have adverse effects on the human and animal health.
Some of these, like the polyhalogenated aromatics, are
chemically inert and therefore can only be degraded by
biological means. The degradation could be either by
aerobic or anaerobic pathways. A brief outline of both
these pathways is necessary to be able to design suitable
degradation pathways for a given contaminant (Simpson
et al., 1995). Hydrocarbons C;q — C,4, represent a term
used to describe a several hundred chemical compounds
that originally come from the crude oil. Crude oil is used
to make petroleum products, which can contaminate
the environment. Because there are so many different
chemicals in the crude oil and in other petroleum products,
itis not practical to measure each one separately. However,
it is useful to measure the total amount of hydrocarbons
Ci0 — Cy at a site. Hydrocarbons C;, — C,, are a mixture
of chemicals, but they are all made mainly from the
hydrogen and carbon, called hydrocarbons. Scientists
divide hydrocarbons C,, — C,, into groups of petroleum
hydrocarbons that act alike in soil or water. These groups
are called petroleum hydrocarbon fractions. Each fraction
contains many individual chemicals. Some chemicals that
may be found in hydrocarbons C,q — C4o are hexane, jet
fuels, mineral oils, benzene, toluene, xylenes, naphthalene,
and fluorene, as well as other petroleum products and
gasoline components (Li et al., 2002).

Polychlorinated biphenyls (PCBs) are mixtures of
up to 209 individual chlorinated compounds (known as
congeners). There are no known natural sources of PCBs.
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Tab. 1
Organic pollutant content in the sediment solids from the Cerny pfikop (mg - kg=' solids)

Benzene BTEX EOX Ci0—Cyo

Tetrachlorethene

Trichlorethene PAH(15) PCB(6)

3.58 8.722 14.4 2880

1.06 541 0.644

Notes: PCB (congeners 28, 52, 101, 138, 153, 180), BTEX (volatile organic compounds — benzene, toluene, ethylbenzene and xylenes),

EOX — organic halides extractable by a specified organic solvent

PCBs are either oily liquids or solids that are colourless
to light yellow. Some PCBs can exist as a vapor in air.
Flotation has not been applied in the cleaning of organically
contaminated soils and sediments in the Czech Republic so
far. In the CR there are only references on the application of
flotation predominantly in the cleaning of oiled water which
can be found in the textbooks on the theory of flotation
(Kmet, 1986; Fecko et al., 2009).

Description of the Cerny piikop locality

The Cerny pikop rises in Ostrava, the municipality of
Marianské Hory, located approximately 230 m above sea
level. It runs through the city district of Moravska Ostrava
and Pfivoz and near the confluence of the Odra and
Ostravice rivers it flows into the Odra river. The course is
about 5 km long and Q355 is 0.074 m3. s~'. Waste water
from the Jan Sverma Coking Plant and the Central Waste
Water Treatment Plant for Ostrava (UCOV) is discharged
into the Cerny pfikop. The average value of BSK5 in 2007
was 7.2 mg - I"' (4th quality class) and CHSK 375 mg - I
(5th quality class). Also the parameter of ammoniated
nitrogen of 3.28 mg/l places this water course into the 5th
quality class. Out of the monitored parameters only total
phosphorus (0.25 mg - I') and electrolytic conductivity
of 122 mS - m~' are placed into the class 3. The water
quality in the Cerny pfikop is predominantly determined by
the quality of the discharged water from the Jan Sverma
Coking Plant (0.014 m®- s~') and the water from the Central
Waste Water Treatment Plant for Ostrava (0.038 m? - s77),
which participate in the course aquosity with two thirds.

Within the construction of D 47 motorway a partial
relocation of the water course into a new bed (2.47 km)
had been planned below the waste water discharge from
the Jan Sverma Coking Plant. The relocation of the water
course also required a removal of the sediments. The
sediment reached the thickness of 1.8 m, the average
thickness of the sediment in the bed was 1.2 m and the
minimum thickness of the sediment was 0.2 m (shipyard).
The sediment comprised of organic pollutants in the
concentrations (see Tab. 2), which prevented its dumping
on a disposal site. Also the content of organic carbon in the
sediment solids (30.82 %) was the second key parameter,
which limited its dumping on a disposal site (5 % TOC).
The content of heavy metals in the water extract meets the
requirements of Regulation 294/2005 Coll. The problem
sediment pollutants are mainly PAH, PCB and petroleum
hydrocarbons C;y — Cyo.

With regard to the fact that the content of the organic
pollutants in the solids exceeded (see in Tab. 1) the
limits for dumping this waste on disposal sites a suitable
decontaminating technology had to be selected, which
would permit a safe disposal of the waste on the disposal
site or a new method of utilization of the decontaminated
sediment (e.g. for land reclamation).

Materials and methods
Mineralogical composition of the Cerny pfikop sediment

Four samples of sediments from different sampling
points were taken. The mineralogical composition analysis
of the samples was carried out on an all-levels sample. An
X-ray diffraction analysis was done in the laboratories of
the Institute of Geological Engineering at VSB-TU Ostrava.
The measurements were carried out on a modernized,
fully automated diffractometer URD-6 (Rich. Seifert-FPM,
SRN). The following phases were identified on the samples
in question: ankerite, chlorite, kaolinite, muscovite,
orthoclase, plagioclase, amorphous, quartz (see Fig. 1).

H Amorphous
M Ankerite

H Chlorite

| Caolinite

B Muscovite

® Orthoclase

i Plagioclase

® Quartz

Fig. 1. Mineralogical composition of the Cerny pfikop sediments.

Flotation experiments

The flotation experiments were carried out in the
laboratories of the Institute of Environmental Engineering
at the VSB-TU Ostrava on a flotation machine VRF-1,
a product of RD Pfibram with an active capacity of 1 litre,
under the following conditions:

¢ Condensation: 150 g - I*

¢ Montanol 551 collector dose: 500 g - t~

¢ Pulp collector agitation: 2 min.

¢ Flotation time: 10 min.
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Tab. 2
Flotation results — Sampling point 1

Tab. 3
Flotation results — Sampling point 2

Content Recovery Content Recovery
Yield Yield
Product PAH >PCB C4,-Cy,, PAH ZPCB C4-Cy Product PAH *PCB C,-Cy,, PAH XPCB C,-Cy
% mg-kg”' mg-kg' mg-kg' % % % % mg-kg?' mg-kg' mg-kg!' % % %
K1 6723 6293 0458 4636 7449 8772 9599 K2 59.91 1493 0.348 106 78.66 69.04 78.14
o1 32.77 293 0.396 1812 2551 1228 4.01 02 40.09 934 0.206 50 21.34 30.96 21.86
P 100 5061 0.351 3065.4 100.00 100 100 P 100 1276 0.302 85.15 100 100.00 100.00

Notes: K — concentrate, O — tailings, P — feed

Tab. 4
Flotation results — Sampling point 3

Notes: K — concentrate, O — tailings, P — feed

Tab. 5
Flotation results — Sampling point 4

Content Recovery
Yield
Product PAH SPCB C,-Cq, PAH ZPCB C,-Cy
% mg-kg?' mg-kg' mg-kg?' % % %
K3 5712 1082 0.330 4607 68.75 69.56 78.647
03 42.88 710 0.219 1819 3125 30.44 21.353
P 100 899 0.271 3065.4 100.00 100.00 100

Notes: K — concentrate, O — tailings, P — feed

Results and discussion

Having finished the flotation, the flotation products
(both the concentrate and the tailings) were filtered, dried
and underwent chemical analyses for PAHs, PCBs and
hydrocarbons C;, — C49, which were carried out in the
laboratories of VUHU, a.s.in Most. The flotation experiments
were done on 4 samples from different sampling points.
First sample was removed near from pollutant outlet water
from the Jan Sverma Coking Plant and MCHZ Borsodcem.
Another samples were removed in 200 m intervals. Fig. 2
shows first sampling point.

The results of flotation experiments (see Tabs. 2 and
5) imply that flotation applied on the samples in question
is very effective and the obtained results are excellent.
Applying flotation a high recovery of polluting material in
the concentrates was succeeded in. The results confirm
that the sediments drawn in closer sites to the industrial
premises contain much larger proportions of pollutants
than the sediments from more remote sites from the
pollution sources. In the sample No. 1, in the case of which
the highest pollutant concentrations were measured,
the efficiency of flotation was 74 % for PAHs, 95 % for
hydrocarbons C, — C4, and 87 % for PCBs. In the sample
No. 2, which was drawn from a site situated 200 m from
the first sampling point, lower pollutant concentrations
were measured. By means of flotation it was possible to
remove 68 % of PAHs, 78 % of hydrocarbons C, — Cyq
and 69 % of PCBs. The third sampling point was 400 m
from the discharge. The efficiency of flotation was 78 % for
PAHSs, 78 % for hydrocarbons C, — C, and 69 % for PCBs.
The fourth sampling point was situated 600 m from the

Content Recovery
Yield
Product PAH SPCB C,-Cy,, PAH XPCB C,-Cy
% mg-kg' mg-kg' mg-kg?' % % %
K4 61.10 641 0.327 <05 78.96 58.08 -
04 38.90 2227 0.367 <05 21.04 4192 -
P 100 496 0.344 100.00 100.00 -

Notes: K — concentrate, O — tailings, P — feed

£2.4

Fig. 2. First sampling point.

discharge. The efficiency of flotation was 74 % for PAHs
and 58 % for PCBs. The content of hydrocarbons C, — Cy,
was below the detection level.

Conclusion

The objective of the work was to verify an application
of separation by the flotation in the decontamination of
sediment samples from Cerny pfikop situated in the city of
Ostrava. The content of pollutants was over 80 %, which
means that the given inexpensive technology would be
able to treat the sediments which represent an immense
ecological load for the city of Ostrava. It can be said that
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setting the conditions right, froth flotation is positively a very
effective tool how to decontaminate sediments. Despite
the fact the experiment was carried out using sediments,
it can be expected that the application of flotation shall be
efficient also with other materials that may be polluted with
similar substances.

Acknowledgements. The authors of the project would like to thank
the Grant Agency of the Czech Republic which financially supports
this project, under the GACR No. 105/09/P221.

References

FECKO, P., JANAKOVA, |., RACLAVSKA, H. & TORA, B., 2009: Application
of flotation in the decontamination of sediments from the Cerny
pfikop stream. Polish J. Chem. Technology, 11, 1,8 — 11.

KmET, S., 1986: Flotacia. Bratislava, Alfa.

Li, J. L. & CHEN, B. H., 2002: Solubilization of model polycyclic
aromatic hydrocarbons by nonionic surfactants. Chem.
Engineering Science, 57 14,2 825 — 2 835.

MukesH, D. & KuMAR, A., 2005: Biotreatment of Industrial Effluents;
Biotreatment of Industrial Effluents. Burlington, MA: Elsevier
Butterworth-Heinemann.

SivpsoN, C. D. et al., 1995: Methodology for the determination of
priority pollutant polycyclic aromatic hydrocarbons in marine
sediments. Chemosphere, 31,9, 4 143 — 4 155.

Rukopis doruceny 22. 6. 2010
Rukopis akceptovany red.radou 7. 9.2010
Revidovana verzia doruc¢ena 19. 10. 2010



Mineralia Slovaca, 42 (2010), 313 — 316
ISSN 0369-2086

Verification of flotation agents based on residues
from pyrolysis of wood

IVA JANAKOVA', MARIA KUSNIEROVA?, VLADIMIR CABLIK!, NIKOLAS MUCHA!
and PETER FECKO!

1VSB-Technical University of Ostrava, Faculty of Mining and Geology, 17. listopadu 15,
CZ-708 33 Ostrava-Poruba, Czech Republic; iva.janakova @vsb.cz
2Institute of Geotechnics, Slovak Academy of Sciences, Watsonova 45, SK-043 53 KoSice,
Slovak Republic; kusnier @ saske.sk

Abstract

The paper deals with the research in 2 newly prepared flotation agents based on residues
from the pyrolysis of wood which are compared with commonly applied Montanol 551 collector.
They are tested on the black-coal slurry samples from the Jankowice Mine in Poland, both in the
laboratory as well as in pilot conditions. With respect to a significant financial demands of the
commercial flotation agents, which are used in the Czech preparation plants, the newly prepared
flotation agents are based on residues from the pyrolysis of wood, which are economically
very interesting products. The research results imply that compared with the Belgian collector
of Montanol 551, a collector labelled KOPD 11 is its very good substitute.

Key words: flotation agents, pyrolysis of wood, flotation

Introduction

Coal is a raw material mined for purposes of numerous
industries, e.g. metallurgy, power-engineering, chemistry
and many other branches. At the beginning of the 21st
century, the global significance of coal for the civilization
is universal.

Currently, mining of black coal is stagnating despite the
fact that the consumption of industrial raw materials, the
natural resources of which are not renewable and depletable
by the human action, is increasing. The level of slump in
the coal mining is dependent on the development of both
international and national conditions. Another significant
factor having an influence on this is the fulfilment of the
international agreement on gradual reduction of the sulphur
oxides released into the atmosphere. There is a question
how to deal with the issues in connection with the slump
in coal mining. One possibility is as perfect preparation of
the mined coal as possible, as well as maximum utilization
of its combustible component (Ralston et al., 2003).

This trend represents new objectives for mineral
dressing — to prepare and comprehensively use the finest
coal fractions that originate from the processes of black coal
preparation. The created large share of slurry fractions cannot
be processed applying classical dressing methods. Those
fractions then leave the preparation plant unused, they get
into the circuit water of waste water treatment plants, they
deteriorate the processes of sedimentation, filtration, water
courses get polluted and there are losses in the valuable raw
materials as the coal slurries are dewatered in the sludge
beds or lagoons and they remain unutilized.
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Thanks to flotation as a technological method of
dressing mineral resources and secondary raw materials
it is possible to deal with an uneasy task of ensuring an
effective, practical and complex utilization of the material
sources. Flotation belongs among the methods which
permit processing of the fine, non-homogeneous black-
-coal slurry (Kmet, 1992).

Materials and methods

Flotation tests were implemented in the laboratory
of the Institute of Environmental Engineering at VSB-TU
Ostrava, applying a laboratory flotation machine VRF-1,
a product of RD Pfibram. It is a pneumo-mechanical mixing
flotation machine with an own air admission.

Flotation was carried out under the conditions below:

 feed density: 150 g - I

e sample grain-size: < 0.5 mm
flotation agent dose: 500 g - t*
agitation time of pulp and flotation agent: 1 minute
flotation time: 5 minutes

Pilot tests were carried out on a pilot flotation machine.
It is a pneumo-mechanical mixing flotation machine with
an own air admission.

Flotation was carried out under the conditions below:

 feed density: 1 800 g - I

e sample grain-size: < 0.5 mm,

« flotation agent dose: 2 000 g - t~'

 agitation time of pulp and flotation agent: 10 minute

e flotation time: 10 minutes
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Fig. 1. Pilot flotation machine.

Fractional flotation was implemented. The laboratory
flotation concentrates were sampled after the 1st, 2nd,
3rd and 5th minutes. The pilot flotation concentrates were
sampled after the 2nd, 4th, 6th and 10th minutes. Having
terminated flotation, the flotation concentrates and tailings
were filtered in a pressure filter and dried in a drier at the
temperature of 105 °C. The dried samples were weighed,
quartered and an ash content analysis was carried out.

In total, 3 flotation agents based on residues from the
pyrolysis of wood were tested (KOPD 3, KOPD 9, KOPD 11)
and they were compared with a commonly applied collector
of Montanol 551. All the flotation agents were tested on the
black-coal slurry samples from Jankowice in Poland.

Characteristics of the applied flotation agents

Regarding the fact that producers do not state the
chemical compositions of their flotation agents, the agents
underwent IR spectroscopy which was implemented in the
Central Analytical Laboratories of VSB-TU Ostrava. The
following flotation agents were used to test selectivity of
the individual flotation collectors:

¢ Montanol 551 — The IR spectra analysis implies the
following composition of carboxylic compounds, aromatic
and aliphatic hydrocarbons, alkenes, alcohols, phenols,
glycols, esters, ethers and alkanes.

* KOPDs — These are flotation agents arising from the
residues from the pyrolysis of wood during production of
activated coal in SLZ CHEMIA, a. s. (KOPD 9, KOPD 11).
The producer declares the composition of carboxylic acids,
alcohols, aliphatic hydrocarbons and water (KuSnierova
et al., 2009).

Results and discussion

Both pilot and laboratory flotation tests of the lower
rank black-coal slurries from the Jankowice Mine in Poland
were carried out and compared. The coal from the Mine of
Jankowice is of a lower quality and thus the ash contents
are over 10 %, which is considered to be a limit for the
quality coal. The flotation results are apparent from Tables
below. First, the laboratory test results are presented, being
followed by the pilot test results.

rd - P, =

Fig. 2. Flotation froth in pilot flotation machine.

As apparent from Tab. 1 the collector of Montanol 551
shows very good selective properties. In the first two
minutes of flotation, over 60 % floats out. The yield in the
first flotation minute is about 19 %. The flotation time is
optimal and the collector makes the coal easily treatable.
See in Tab. 1.

In the case of the two following flotation tests using the
KOPD 9 and KOPD 11 flotation agents (see Tabs.2 and 3) an
excellent ash content was obtained in the first concentrate,
which was mere 18.48 % and a considerably high yield. The
agent of KOPD 9 did not provide as high yield in the first
minute, but in the second minute the total yield exceeded
a 50 % level. It can be said that the newly prepared flotation
agents are quality substitutes of Montanol 551.

Easy treatability of Montanol 551 on the Jankowice
coal sample is clear from the Tab. 4. The ash content in
the first two minutes ranges from 17 % to 36.4 % of the
yield. Comparing with the ash content after four minutes,
ash rises to 29.6 % and the yield drops to 45.8 %. It can be
said that in the case of this agent the ideal flotation time is
up to 2 minutes at the top yield.

Applying the agent of KOPD 11 (see Tab. 5) an easy
treatability of the coal is apparent. A large yield in the first
two minutes is obtained at prominent ash content and the
following fast drop in the yield in the next minutes indicates
the necessity to shorten the flotation time to 1 minute,
which provides a higher quality flotation concentrate
at a lower yield.

In the case of the agent of KOPD 9 a difficult treatability
was identified in the same coal sample, which results
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Tab. 1
Results of the laboratory flotation — Montanol 511
Fraction time Yield Ash cont. Ash X ash X ash Aver. ash X ash X ash Aver. ash
abundance abundance yield content abundance yield content
min. % % kg - 10 t1 kg- 10t % % kg - 10t % %
KL1 1 35.23 35.68 19.64 700.68 700.68 35.68 19.64 3733.29 100.00
KL2 2 34.78 35.22 2778 978.42 1679.10 70.90 23.68 3032.61 64.32
KL3 3 5.24 5.31 39.23 208.17 188727 76.20 24.77 2054.19 29.10
KL4 5 2.08 2.1 43.71 92.07 1979.34 78.31 25.28 1 846.02 23.80
OLA1 5 2142 21.69 80.86 1753.95 3733.29 100.00 37.33 1753.95 21.69
P 98.75 100.00 37.33 3733.00
Notes: K — concentrate, O — tailings, P — feed
Tab. 2
Results of the laboratory flotation — KOPD 11
Fraction time Yield Ash cont. Ash X ash X ash Aver. ash X ash ¥ ash Aver. ash
abundance abundance yield content abundance yield content
min. % % kg - 10 t1 kg - 10t % % kg - 10 t % %
KL5 1 83.29 55.99 18.48 1034.62 1034.62 55.99 18.48 3419.84 100.00
KL6 2 17.28 11.62 28.97 336.49 1371.11 67.60 20.28 2 385.22 44.01
KL7 3 10.64 715 30.38 217.28 1588.39 74.75 21.25 2048.73 32.40
KL8 5 6.68 4.49 3797 170.49 1758.88 79.24 22.20 183145 25.25
oL9 5 30.88 20.76 80.02 1660.96 3419.84 100.00 34.20 1 660.96 20.76
P 148.77 100.00 34.20 3420.00
Notes: K — concentrate, O — tailings, P — feed
Tab. 3
Results of the laboratory flotation — KOPD 9
Fraction time Yield Ash cont. Ash X ash X ash Aver. ash X ash X ash Aver. ash
abundance abundance yield content abundance yield content
min. % % kg - 10 t1 kg - 10t % % kg - 10t % %
KL9 1 52.10 36.03 21.22 764.51 764.51 36.03 21.22 3798.67 100.00
KL10 2 3153 21.80 21.59 470.74 1235.25 57.83 21.36 3034.16 63.97
KL11 3 11.46 792 26.95 213.57 1448.82 65.76 22.03 2 563.42 42.17
KL12 5 712 4.92 36.71 180.74 1629.56 70.68 23.06 2 349.85 34.24
OL3 5 42.40 29.32 73.98 2169.11 3798.67 100.00 37.99 2169.11 29.32
P 144.61 100.00 37.99 3799.00
Notes: K — concentrate, O — tailings, P — feed
Tab. 4
Results of the pilot flotation — Montanol 511
Fraction time Yield Ash cont. Ash X ash X ash Aver. ash X ash ¥ ash Aver. ash
abundance abundance yield content abundance yield content
min % % kg - 10 t1 kg - 10t % % kg - 10t % %
KP1 <2 36.4 17.0 617.3 6173 36.4 170 33431 100.0 33.4
KP2 2-4 45.8 29.6 13571 1974.4 82.2 24.0 27257 63.6 42.9
KP3 4-6 3.7 66.2 244.9 2219.3 85.9 25.8 1368.7 17.8 76.9
KP4 6-10 1.6 74.6 119.3 2338.6 87.6 26.7 1123.8 141 79.7
OP1 >10 12.4 81.0 1004.5 33431 100.0 33.4 1004.5 12.4 81.0
P 100.0 3343.1

Notes: K — concentrate, O — tailings, P — feed
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Tab. 5
Results of the pilot flotation — KOPD 11

Fraction time Yield Ash cont. Ash X ash X ash Aver. ash X ash X ash Aver. ash

abundance abundance yield content abundance yield content

min. % % kg - 10 t1 kg - 10t % % kg - 10t % %
KP5 <2 51.0 20.8 1060.8 1060.8 51.0 20.8 3763.3 100.0 37.6
KP6 2-4 18.5 33.1 612.4 1673.2 69.5 241 27025 49.0 55.2
KP7 4-6 5.5 41.1 226.1 1899.3 75.0 25.3 2090.1 30.5 68.5
KP8 6—-10 3.0 59.6 178.8 20781 78.0 26.6 1864.0 25.0 74.6
OoP2 >10 22.0 76.6 1685.2 3763.3 100.0 376.3 1685.2 22.0 76.6
P 100.0 3763.3
Notes: K — concentrate, O — tailings, P — feed
Tab. 6
Results of the pilot flotation — KOPD 9

Fraction time Yield Ash cont. Ash X ash X ash Aver. ash X ash X ash Aver. ash

abundance abundance yield content abundance yield content

min. % % kg - 10 t1 kg - 10t % % kg - 10 t % %

KP9 <2 28.9 14.9 430.6 430.6 28.9 14.9 39417 100.0 39.4
KP10 2-4 13.0 20.7 269.1 699.7 41.9 16.7 35111 711 49.4
KP11 4-6 7.3 29.6 216.1 915.8 49.2 18.6 3242.0 58.1 55.8
KP12 6-10 7.3 39.1 285.4 1201.2 56.5 213 3025.9 50.8 59.6
OP3 > 10 43.5 63.0 2740.5 39417 100.0 39.4 27405 43.5 63.0
P 100.0 39417

Notes: K — concentrate, O — tailings, P — feed

in a low recovery with a high ash content in all the sampling
periods. See in Tab. 6.

Conclusion

It is apparent from the flotation experiments that all the
examined agents may be used in the flotation of the black
coal. The application of the flotation agents prior to their
introduction into the preparation process requires further
testing in the pilot flotation machines in the practice. The
tests partially differ from those carried out in the laboratory
conditions. Another argument to support further efforts to
make use of KOPD flotation agents is a high price of the
collector of Montanol 551, which may become one reason
why the flotation agents of KOPD 9 and KOPD 11 could
be used in the Czech preparation plants. Despite clearly
higher costs when compared with other preparation

methods, flotation still remains the highest quality option
how to separate fine fractions.
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Abstract

Leachates formed in the process of zinc concentrates leaching by means of HCI solutions
were utilized for the magnesite obtaining. Earlier defined process parameters were adjusted to
precipitation of magnesium carbonate. Leachate impurities, such as iron, calcium and other ions
were removed by the precipitation, adjusting pH level. Optionally the ion exchange process was
used to achieve a best quality of magnesium solution. Crystalline MgCO; was precipitated using
Na,COj solution. The product contained 28.7 % of MgO with 98.5 % purity of the final product.

Key words: wastewaters, zinc contentrates, acidic leaching, MgCO4

Introduction

Synthesis of required materials with controlled size and
morphology is often driven by the industry requirements
in the diverse areas. Magnesium carbonate is mainly
used to produce magnesium metal and basic refractory
materials. The other applications combine flooring,
fireproofing, cosmetics (toothpastes, face powders,
etc.), pharmaceuticals (antacids, laxatives, cardiac
regulators), food additives, paints, pigments, rubbers,
lithographing inks, and the use as precursors to prepare
other magnesium-based chemicals. Although magnesium
carbonate is well known in the form of the anhydrous
salt called magnesite (MgCQO;), several hydrated and
basic minerals also exist: di-, tri- and pentahydrates are
known as barringtonite (MgCO; - 2H,0), nesquehonite
(MgCQ; - 3H,0) and lansfordite (MgCOs; - 5H,0), respectively.
Some basic forms such as artinite (MgCO; - Mg(OH), - 3H,0),
hydromagnesite (4 MgCO; - Mg(OH), - 4H,0) and dypingite
(4MgCOQ; - Mg(OH), - 5H,0) also occur as minerals.

There are many possibilities of the magnesium
carbonate obtaining, but the interesting one proposed below
is based on the leachates generated during the processing
of the Zn, Pb concentrates. Magnesium carbonates have
been studied for both their preparation and properties
(Kloprogge, 2003; Min, 2010; Deelman, 2003; Sheila,
1989), but many questions still remain opened concerning
the formation of the magnesium carbonates in both natural
and artificial systems, due to the presence of different
forms of hydrated or basic carbonates (Wang, 2008).

Characterization of investigated problem

During processing of zinc concentrates the leachates
are generated, containing magnesium, calcium and other
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metals depending on the raw ore content. Purification
processes, adapted to the zinc concentrate quality
improvement, use different kinds of mineral acids, in
order to remove magnesium from the final product.
Among these leaching agents the sulphuric, phosphoric
and hydrochloric acids were tested, and the results were
described (Jarosinski, 2009; Jarosiriski, 2010).

In this study the solution formed during hydrochloric acid
leaching is investigated, in order to precipitate magnesium
carbonate by the reaction:

MgCl, - Na,CO; + nH,O = MgCO; - nH,0 + 2 NaCl

The parameters of precipitation, as well as possibilities
of different forms of magnesium carbonate obtaining were
studied.

The aim of the present work is to select proper conditions
and target precipitates with the adequate crystallographic
characteristics for extracting magnesium from the brine,
and prepare magnesium carbonate hydrates with the high

purity.

Experimental part
Materials

Leachates were prepared in the laboratory as the model
chlorine solution, containing the following concentrations
[mg/dm?®]: 0.115 Mg; 0.235 Ca; 0.020 Fe; 0.030 Zn; 0.055
Pb. The above chemical content was adapted from the
experiments with post flotation wastewaters, obtained
during the zinc concentrates extraction with the hydrochloric
acid (Jarosinski, 2009).

All chemical reagents used for leachate preparation
(Na,CO3, KOH) had were analytical grade without further
purification.
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Fig. 1. Simplified flowsheet of the experimental procedure.

Experimental procedures

The experiments were performed in a 1-liter double-
-jacketed glass reactor, connected with a water circulator.
Reaction mixture was agitated at a rate 300 r.p.m. and
then filtered under vacuum in a Buchner-type filter. The
experimental procedure is presented in Fig. 1 in the form
of the simplified flowsheet.

Purification of MgCl, solution

Calcium ions, the major dissolved impurity of the
leachate, were precipitated as sulphates, using sulphuric
acid solution (Jarosiniski, 2009). The other dissolved
impurities like iron, zinc and lead were removed by the
precipitation at pH 7 — 8 for 15 minutes at 45 °C by the
addition of magnesium oxide or hydroxide.

MgCO; precipitation

Purified solution of magnesium chloride (0.5 mol/dm?)
was mixed with the sodium carbonate solution (0.5 mol/dm?3)
in the glass reactor. The experiments were carried out
within the temperature range 20 — 45 °C, using different

time of reaction (up to 240 minutes). At the end of each
experimental cycle, the slurry was settled till the next day
and then washed with distilled water for 5 minutes, to
remove any possible ionic remnants. Finally, each sample
was dried in a drier at 50 °C for 10 hours.

Product characterization

The structure and morphology of the synthesized
samples were examined using the X-ray powder diffraction
and scanning electron microscopy. X-ray powder diffraction
(XRD, Philips model with X'Pert system) patterns were
recorded on a diffractometer (using CuKo radiation).
A diffractometer scanning rate was applied to record
the patterns in the 20 angle range from 10° to 60°. The
morphology of the samples was examined by a scanning
electron microscopy (FEI E-SEM XL30 with X EDAX
GEMINI 4000 dispersion spectrometer).

The concentration of magnesium ions in the solution
was determined by the titration method using standard
EDTA solution. The concentration of the other ions was
determined using ICP — MS spectrometer (Perkin Elmer
model).

The density of the product was tested using standard
procedure with the glass densitometer.

The results and discussion
XRD observations

It is generally recognized that the properties of crystals
are profoundly influenced by the temperature during their
preparation and the time of the reaction. Fig. 2 displays
the typical XRD pattern of the MgCO; - 3H,O sample. The
diffraction peaks confirm a high purity of the carbonate
sample.

SEM images

Fig. 3 provides a typical SEM image corresponding
to the magnesium carbonate hydrates prepared at 40 °C.
The presented sample exhibits good morphology and
the surface is covered by many small grain-like crystals.
The main particles are needle-like with different sizes,
as shown in Fig. 3. The length of crystals is in the range
5 — 53 um with the axis diameter in the range of 2 — 8 um.
The needle-like particles exhibit smooth surfaces.

The other precipitates (magnesium carbonate
hydrates), which synthesized at lower temperatures and
shorter reaction time (25 °C, several minutes), were poor
crystalline or even amorphous products.

Purity of MgCO; - 3H,0

A certain amount of MgCO; - 3H,O sample was
dissolved in a slightly excessive hydrochloric acid of low
concentration. The concentration of magnesium ions in
the solution was determined by the titration method using
standard EDTA solution. The Mg content in the tested
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Fig. 3. SEM morphology for the particles of MgCO; - 3H,0.

samples was in the range 14.5 — 17.3 % that corresponded
to 82.5 — 98.5 % purity of the products. The other impurities
bounded into the structure of the magnesium carbonate
hydrates did not exceed the level of 0.38 % that was
determined by ICP analysis.

Conclusions

Purification process of the wastewaters, obtained during
zinc concentrate processing, was examined in this study.
As a result of purification the solution containing mainly
magnesium ions was obtained. Magnesium carbonate
trinydrate was prepared using homogeneous precipitation

20.08 an.oo [1-H--] E1-R-1-] E0.oR

1 theta

process at different reaction temperatures and times.
In the temperature range 25 — 45 °C pure nesquehonite
MgCQO; - 3H,0O was obtained, but only at 40 °C needle-
-like crystals were identified. The morphology of the
magnesium carbonate trihydrate changed from needle-
-like to amorphous, in dependence on the precipitation
parameters. The uptake of the ionic impurities (Zn, Pb, Fe)
in the magnesium carbonate hydrates could be neglected,
because its amount does not exceed 0.38 %.

It seems that the purification method proposed for
magnesium carbonate production from waste leachate is
the appropriate way of its utilization. By the method applied
in this study magnesium can be effectively separated from
the leachate and using sodium carbonate (or the other
water soluble carbonates) magnesium carbonate hydrates
with the high purity can be produced.
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Abstract

On the account of diminished recourses of zinc ores and large requirement on metallic zinc
as well as its compounds the recyclable materials are used in larger extent. For example the steel
dust serves for obtaining raw dust of zinc oxide as a by-product. This dust contains undesirable
components such as chlorine and fluorine. Presented work aims to eliminate these components
from the raw zinc oxide obtained from the steel dust because in the case of its hydrometallurgical
processing these impurities are liable for the corrosion of zinc and decreasing of technical and
economical indexes. Removal of the chloride and fluoride ions was conducted in two stages:
first — previous removal on the way of the water leaching, and the second — connected with the
removal of above impurities by the soda solutions. Effect of the temperature on the degree of
these impurities removal was determined. It was found that the degree of removal of chloride did
not depend on the temperature of the process as well as on the amount of used soda on the

contrary in the case of fluoride removal.
Key words: waste, receiving zinc, elimination

Introduction

The interest on the secondary sources of zinc is dictated
by the large demand on zinc, resulting from the increase
of the requirement on the protection by the zinc coating
common use in the building engineering and car industry.

At beginning of this century in our country the
consumption of zinc recyclable materials amounted to 3 %
whereas in the highly industrialized countries as Germany
or Great Britain it was totalled on level of 30 per cent. The
zinc compounds such as sulphates, phosphates and other
are produced practically from the secondary materials at
present. The costs of these salts producing from the above
materials are lower than the costs of salts obtaining from
the natural raw materials. Further the technologies of their
salts obtaining from the secondary materials are friendly
for environment (Jarosinski, 2007; Jha et al., 2001).

The industrial experience indicates more and more
application of the recyclable materials in technological
processes. Such trends favour development of recycling
technologies.

More than the mined ore and processed metallic zinc
and its compounds, there is used the zinc waste deriving
from steel industry, for example the dust from the electric
arc furnaces, dust of blast-furnaces or rolling scales (Havlik
et al., 2006; Zieba et al., 2007). The obtained zinc oxide
from such materials contains halides. For example the
presence of the chloride anions in electrolyte for obtaining
of cathode zinc contributes to zinc corrosion as well as to
decreasing of the current efficiency or of zinc quality. The
presence of these impurities in the zinc compounds is also
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undesirable especially in products used as microelements
in admixtures of feeds.

For the removal halides from the zinc oxides two ways
are used. The first way is connected with the chlorides
removal by washing. The second solution relies on the
thermal treatment. In practice the first solution is preferred.

In this work the investigation on removal of some
impurities contained in zinc oxide derived from the
processing of the steel dust.

Experiments

In the laboratory experiments the zinc oxides derived
from one of domestic plants were used. The process of
the chloride and fluorides obtaining from the raw zinc
oxide is operates in two stages. In the first stage of the
preliminary removal of chlorides the washing of the soluble
salts is done by the water as a washing agent. The mass
ratio of the liquid to solid phases has amounted to 9 : 1.
The reaction was performed in thermostatic flask at the
temperature 60 + 0.1 °C.

The purpose of the second stage was the removal
of fluorides as well as the traces of chlorides remaining
after first the step. The elimination of fluorides as well as
chlorides succeeds by the washing of soluble salts. The
agent was the water solution of the sodium carbonate.
Quantity of the soda in relation to used samples derived
after the first stage amounted to 5, 10 and 15 %. The
mass ratio of liquid to solid phase amounted to 9 : 1, too.
The washing was carried out at temperatures ranges
60 — 90 °C. Time of treatments was up to 2 hours.
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Results and discussion

The chemical composition of tested zinc oxide is
presented in Tab. 1. Results of the fluorides and chlorides
elimination after two stages of washing are recapitulated
in Tabs. 2 and 3.

On the basis of obtained results the degree of chlorides
and fluorides elimination was calculated using following
formula:

X m
Znp V4
X, -

i : Ci
o= X znk 100[%]
X

i

where: x; — content “i” component in initial samples [%],
Xznp — CONtent of zinc in initial sample [%], Xz, — content of
zinc in sample after washing [%], ¢; — concentration of “”
component after |l stage of washing.

The dependence of the degree of chlorides elimination

on the content of soda in washing agent and on temperature

Tab. 1
The chemical composition of tested zinc oxide

Metal Zn Fe Pb Cl F
Content [%] 59.5 3.15 6.42 5.9 0.12
Tab. 2

Test results after 2. stage of washing

Condition Content of components in solution [%]
Na,CO; [g] T [°C] Zn Cl F
5 60 67.29 0.028 0.0745
90 66.39 0.020 0.0510
10 60 66.52 0.023 0.0655
90 66.25 0.012 0.0390
15 60 65.97 0.0195 0.0580
90 65.88 0.0110 0.0360
Tab. 3

Chemical composition of 2. stage of washing

Condition Content of component in solution [g/dm?3]
Na,CO; [g] T [°C] Zn Cl F
5 60 0.0090 0.74 0.045
90 0.0027 0.96 0.068
10 60 0.0010 0.78 0.056
90 0.0011 1.02 0.081
15 60 0.0022 0.92 0.068
90 0.0037 1.06 0.088

Tab. 4
Dependence of the degree of chloride elimination
on soda amount in the solution

Condition Degree of elimination [%]
Na,CO; [g] TI[°C] Cl F
5 60 99.58 45.11
90 99.70 61.91
10 60 99.65 51.17
90 99.82 70.81
15 60 99.70 56.41
90 99.83 72.91

is shown in Tab. 4 together with the obtained results of the
degree of fluoride elimination for various soda contents in
the washing agent.

The presented data indicate that degree of elimination
of chlorides was high and practically reached 100 %. It was
found that degree of chlorides elimination does not depend
in essential way on the temperature of the process. Degrees
of fluorides elimination from tested material were lower than
the degrees of chlorides and fitted into the range 45 — 73 %.
Efficiency of fluorides elimination in two stage process of
washing depends on the temperature as well as the amount
of the soda addition. Increase of the temperature process
was beneficial on the degree of fluoride elimination.

Conclusions

The test results allowed to state that two stage process
of washing of the zinc oxide in the purpose of halides
elimination is effective. Degree of the chlorides elimination
was very high reaching almost the value of 100 %. This
degree does not depend on the temperature treatment.

Degree of fluoride elimination at the temperature
90 °C is high and amounts to 73 %. Efficiency of discussed
treatment depends on temperature as well as soda content
in the washing agent.
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Abstract

Presented are the results of experiments focused on the study of thermal treatment influence
of selected black coal fly ash from the heating plant in KoSice. Study was realized with the
original not pre-treated fly ash sample and sample with Al additive in different mixing rates. The
obtained results confirmed that after the thermal treatment occurred the phase’s change of the
material. By the 1 050 °C degree there was the decrease of amorphous phase remarked that
was transformed on the mullite and corundum. This information allowed the possibility to use
the examined fly ash sample as a matrix for the mullite composites preparation providing the
stoichiometric change of thermally treated mixture.

Key words: black coal fly ash, refractory materials, mullite

Introduction

The black coal fly ash is the accessory waste product of
the black coal combustion in the power plants and heating
plants. All unburnable components contained in burned coal
are concentrated in the fly ashes. Some of the accessory
minerals occur in the original form without any qualitative
changes, e.g. quartz and magnetite. Alumosilicates and the
part of quartz is under the heating influence transformed
on the new Si, Si-Al crystalline structures, e.g. cristobalite,
feldspars, mullite, montmorillonite, etc. (Fe¢ko et al.,
2005; Ku$nierova et al., 2005).The bulk of the unburnable
components (over 80 %) is transformed on the amorphous
vitric Si-Al phases in the combustion process.

Mullite (3Al,O5 - 2Si0,) is the only one stabile chemical
compound in Al,O; — SiO, system (Hankyf et al., 2008).
Mullite in the nature originated by the contact of lava flows
with the rocks of the high Al content (Berry et al., 1987).
Mullite is characterized by specific facilities as well as the
high heat proof to 1 850 °C, relatively high hardness 7.5° of
the Mohs scale and the high resistance to acids (Berry etal.,
1987; Kudnierova et al., 1976). Just these properties have
determined the areas of the mullite, mullite and corundum
substances industrial usage preferably in the heat proof
and ceramic materials for metallurgy and glass industry
(Treadwell et al., 1996; Valenta, 2007). Technological
processes of mullite and mullite substances production
are based on natural minerals from the aluminosilicates
group. It is concerned on the group of three polymorphous
minerals Al,SiO5 (andalusite, sillimanite and kyanite) as
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well as topaz Al,SiO5(FOH), and in a large extent also the
mixture of kaolinite Al,Si,O4,(OH)g and SiO, (Berry et al.,
1987; Blichner et al., 1991).

Many authors, e.g. Dana et al. (2004), Treadwell et
al. (1996), Hankyr et al. (2008), KuSnierova et al. (1976),
Karklit et al. (1974) and Goncarov et al. (1961) achieved
results that have confirmed that the mullitization pass
on the different materials basics containing the basic
components Al,O5; — SiO, in its matrix, providing treatment
of its stoichiometric ratio content in the mullite including
waste materials as well as the energetic wastes (Dong et
al., 2010; Suriyanarayanan et al., 2009; Jung et al., 2001;
Ku$nierova et al., 2010).

The high content of Si and Al in the fly ashes is a good
precondition for its use as a secondary raw material for the
heat proof materials and the mullite heat proof materials
production. This is resulting from the consideration that
the natural sources of mullite of industrial meaning were
not discovered until now and it is not probable that will be
discovered. The next factor for the fly ashes usage is the
resemblance of its genesis in the nature to the processes
running by the coal combustion and fly ashes generation.
The melted not burned part of the fly ash is in touch with
the isothermal components containing Al and mullite is
produced in the process consequently what was confirmed
by XRD analysis (Fecko et al., 2005).

Fecko et al. (2005) and Michalikova et al. (2005) write
that the mullite content in the fly ashes depends on the
composition and content of the accessory unburnable
parts of coal as well as on the process and temperature
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of combustion. The fact is that from the point of Si and Al
content are the brown coal fly ashes more perspective.
These are nowadays in the high amounts used in the
building industry for their qualitative parameters and they
are free for the use in this industrial area in the whole
produced capacity. On the other hand the black coal fly
ashes are for their qualitative parameters hold to be waste
in the whole scale in Slovakia and are dumped. That is
why there was realized a research of the black coal fly
ash from the heating plant Teko KoSice for its usage as
a matrix for the heat proof Si-Al materials of mullite type
preparation.

Experimental procedures
Fly ash sample properties

The experiments were realized with the black coal
fly ash sample from the heating plant Teko KoSice of
properties that are summarized in the Tab. 1. The ratio of
the main building components Al : Si in the fly ash matrix
is 0.44.

From the XRD analysis of fly ash sample it was find out
that the dominant phase in the fly ash is an amorphous
vitric phase. ldentified were also following minerals: quartz,
cristobalite, anhydrite, feldspar, corundum, magnetite,
hematite and graphite.

From the morphological point of view there can be in
the fly ash differentiated the spherical (Fig. 1A), idiomorphic
and allotriomorphic vitric particles as well as the porous
particles (Fig. 1B) of unburned coal (Fig. 1C) and particles
of originally not transformed minerals. Physical properties
of the fly ash as well as the specific surface, softening
range, taw fusion point are summarized in Tab. 2.

The fly ash sample can be characterized as a very
fine-grained ploy-component dispersion of 0 — 1 mm grain
size. We can see from the results showed in the Tab. 3
that the content of particles under 40 um is of 50 %. That
is advantage for composite mixture from the point of its
contact surface. Results in Tab. 3 offer also information
about the main building elements as well as Al and Si
distribution. The content of these elements is different in
the different grain sizes and the most profitable it is in the
finest grain size under 40 um.

Tab. 1
Chemical properties of fly ash sample

Annealing lost (%)

SiO, (%) Al,Og (%) Fe,05 (%) CaO (%) TiO, (%) MgO (%) Na,Os (%)

KO (%) P20s(%) St (%) pH

15.5 4710 20.86 8.83 23.80

0.76 1.21 0.78 2.14 0.35 0.15 124

Tab. 2
Physical properties of fly ash

Specific weight (kg/cm?) Softening range (°C)

Taw point (°C) Fusion point (°C)

2.49 1140 -1 240

1210-1310 1300 - 1380
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Tab. 3
Fly ash grain class composition and its main elements distribution

Grain class (mm)  Mass yield (%) SiO, (%) Al,O3 (%)
0.1-0.5 16.22 41.50 -
0.071 -0.1 17.52 34.15 11.00
0.04 — 0.071 18.13 45.30 16.20

-0.04 48.13 52.91 20.90

Composite mixtures

The composite mixtures were prepared using the Al
additive (AI(OH)3) form in three mixing rates. Prepared
were mixtures with the stoichiometric ratio Al : Si similar to
ratio of mullite that is 1.5. Each component was weighted in
considered ratio of the fly ash and the additive as is shown
in Tab. 4.

Afterwards the homogenization (10 minutes) and
mechanical activation (10 minutes) in the planetary mill of
prepared composite mixtures have followed.

Tab. 4
Mixing rates of prepared composites samples

Sample Fly ash and Al additive Al to Si mixture rate
mixture ratio
P 1:0 0.44
T1 1:1 1.80
T2 2:15 1.48
T3 2:1 1.10
mullite standard - 1.50

Muillitization

Prepared mixtures were thermally treated in the
temperature range of 0 — 1 500 °C. The process of thermal
transformation by 0, 850, 1 050 and 1 500 °C was evaluated
by the XRD analysis.

There was added to the process of mullitization the inert
standard-pure ZnO (ca 5 weight %) with the aim to quantify
amorphous components and new-produced phases in the
composite mixtures. The samples were homogenized with
this standard by the micro-milling and consequently and
boxed up to the glass cuvette.

Measurement was provided by the full automatic
diffraction meter URD-6 (Rich Seifert-FPM, Germany)
under the following conditions: emission of CoKo/Nirejecter,
potential of 40kV, electric current 35 mA, step mode 0.05°

20 with the step time of 3 s with the digital processing
of measured data. For the measuring and results evaluation
there was used the software RayfleX (RayfleX ScanX and
RayfleX Analyze, 2.289 version).

Results and discussion

The process of the thermal treatment of the original
fly ash without occurring phases changes is documented
in the Tab. 5 and Fig. 2.
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Fig. 2. The comparison of XRD analysis of original fly ash sample
(P) and sample thermally treated by 850 and 1 050 °C.

Presented results inform that the increasing of
temperature of the thermal transformation of original
fly ash caused the decrease of the amorphous phase
from 83.05 % to 64.30 %. There was detected also an
increase of mullite composition from 10.55 to 22.70 %
and by 850 °C the corundum production, that was by

Tab. 5
The thermal treatment of fly ash and its composite mixtures influence on its phases composition

Sample Burning temperature (°C)  Amorphous phases (%) Mullite (%)  Corundum (%) Amount of mullite and corundum (%)
P 0 83.05 10.66 - 10.66
850 72.30 9.29 2.96 12.25
1050 64.30 22.70 - 22.70
1500 melting melting melting -
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Tab. 6
The influence of thermal treatment on the composition of fly ash composites
Sample Burning temperature (°C)  Amorphous phases (%) Mullite (%) Corundum (%)  Amount of mullite and corundum (%)
T1 0 30.00 5.40 - 5.40
850 86.58 3.96 1.44 5.40
1 050 54.00 12.70 23.90 36.60
1500 2.10 59.00 38.90 97.90
T2 0 3740 4.61 - 4.61
850 88.50 3.84 0.54 4.38
1 050 63.00 14.30 13.30 276
1500 2150 63.80 13.30 771
T3 0 50.50 6.79 - 6.79
850 86.20 4.82 0.85 5.67
1050 69.20 14.54 745 21.99
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Fig. 3. The comparison of XRD analysis of fly ash mixture sample
(T1) of 1 : 1 mixing rate thermally treated at 850, 1 050 and
1500 °C.

1 050 °C transformed on mullite. With the next increase of
temperature the pure fly ash sample without any additive
was melted that disable analysis. Melting of the sample is
related with its thermal properties as well as the taw and
fusion points (1 300 — 1 380 °C).

Fig. 4. The comparison of XRD analysis of fly ash mixture sample
(T2) of 2 : 1.5 mixing rate thermally treated at 850, 1 050 and
1500 °C.

The process of the thermal changes of fly ash and Al
additive samples is documented in Tab. 6 and Figs. 3, 4
and 5. In all cases there was registered a high increase
of the amorphous phase content by the 850 °C. By this
temperature the majority of the sample fractions were
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Fig. 5. The comparison of XRD analysis of fly ash mixture sample
(T3) of 2 : 1 mixing rate thermally treated at 850, 1 050 and
1500 °C.

changed and the sample changed to vitric. By the next
temperature increasing the sample vas devitrified and the
heat proof components as mullite and corundum were
crystallized.

The comparison of achieved results of the thermal
mullitization from the point of Al : Si ratio in prepared
samples showed the important influence of this factor on
the process of samples phases transformation. The highest
content of mullite (63 %) was reached by the thermal
transformation of the sample T2 (mixing rate 1.48) by the
temperature 1 500 °C.

The highest content of the heat proof phases together
(mullite and corundum) was in the sample T1 (mixing rate
1.8) by the temperature 1 500 °C. In this sample was the
content of mullite 59 % and corundum 38.9 %.

Interms of qualitative changes of the composite mixtures
and its dependence on temperature is apparent that by the
850 °C were original crystalline phases destroyed and the
content of vitric amorphous phase increased. This case
is related with the Al additive content, that’s taw point is
at 300 °C. Near the temperatures over 1 050 °C was the
melt devitrified and mullite and corundum originated. In
this range over the 1 050 °C there can be anticipated as
optimal conditions focused on the thermal transformation
of the thermally treated composite dispersion on the mullite
material.

Conclusion

Presented informative results showed that the Si-Al
matrix of the black coal fly ashes can be used for the heat
proof and abrasive industrially useful materials production
by the optimal thermal conditions and mixing rates with
the suitable Al additive. The fly ashes mullitization process
belongs among the sophistic technologies of the waste
black coal fly ashes usage as the secondary raw material.
Fly ashes wastes economical appreciation will depend on
the further study of this process and optimization of the
conditions of thermal transformation. The wide field offers
the modelling of the mullite composite mixtures from the fly
ashes and additives as well as natural or waste products
of high Al content.
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Abstract

The aim of this paper is to verify experimentally the possibility of the biological transformation
of the alkaline earth metal sulphates (CaSO, and BaSQ,) to carbonates by sulphate-reducing
bacteria. These carbonates can be used in some industrial technologies (e.g. the energetic
industry — the recycling of desulphurization agent (limestone) for the thermal power plant, the
electrical industry — the production of colour display).

Key words: gypsum, barite, sulphate-reducing bacteria, biological transformation

Introduction

In nature the sulphur can be found as a pure element
or in the form of sulphide and sulphate minerals. Common
naturally occurring sulphur compounds include the
sulphide minerals, such as pyrite (FeS,), cinnabar (HgS),
galena (PbS), sphalerite (ZnS) and stibnite (Sb,Sj);
and the sulphates, such as gypsum (CaSO,), alunite
(KAI(SO,),), celestite (SrSO,) and barite (BaSO,). The
biological circulation of sulphur and its compounds in the
biosphere is considered as one of the basic biological
systems on the Earth (Lide, 1998). The participating
populations of different species of microorganisms (MO)
are able to transform organic substances into inorganic
ones and vice versa supporting the circulation of sulphur
in the nature. The natural biological circulation of sulphur
consists of assimilation and dissimilation parts. The
microbial population of the dissimilation part is called
sulphuretum (Postgate, 1984). In addition to other MO
also the sulphate-reducing bacteria (SRB) take part in the
sulphuretum. They realize the conversion of sulphate to
hydrogen sulphide under anaerobic conditions (Odom and
Singleton, 1993). Gaseous hydrogen or organic substrates
(lactate, malate, etc.) are the electron donor and sulphate
is the electron acceptor (equations 1 and 2). In this process
produced gaseous hydrogen sulphide reacts easily in the
water medium with heavy metal cations forming sparingly
soluble sulphides of the given metals (equation 3):

SRB
4 H, + SO — H,S +2 H,0 + 2 OH~ (1)
SRB
4 CH;COCOONa + 5 MgSO, — 5 MgCQO;3 + 2 Na,CO; +

+5 H2$ +5 COg + HQO (2)
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Me?* + H,S — MeS + 2H* (Me?* — metal cation) (3)

The above-listed equations show the possibility of using
SRB for the removal of soluble heavy metals and sulphates
from acid mine drainage (AMD) (Skousen et al., 1998;
Luptakova et al., 2002; Kaksonen and Puhakka, 2007) or
other industrial waste waters (Cork and Cusanovich, 1979).
In addition, the equation 2 suggests the usage of bacterial
sulphate reduction by SRB on the treatment process for
sulphate-contained sludge (Cork, 1985; Baldi et al., 1996;
Kennedy and Everett, 2001; Luptakova et al., 2003) being
the basis of the biological transformation of sulphates
to carbonates.

The objective of our study is to verify experimentally
the possibility of the biological transformation of the
alkaline earth of metals sulphates — CaSO, and BaSO,
by SRB. Under the appropriate conditions the SRB are
able to convert with a high efficiency the alkaline earth
metal sulphates in corresponding carbonates. These can
be utilized by some industrial technologies (e.g. in the
energetic industry — the recycling of desulphurization agent
(limestone) for the thermal power plant, in the electrical
industry — the production of colour display).

Materials and methods

In the experiment a culture of SRB (genera
Desulfovibrio and Desulfotomaculum) was used. It was
obtained from drinking mineral water Gajdovka (locality
KosSice-north, Slovak Republic). Culture was grown in
a Postgate lactate medium that was prepared sulphate-
-free. The pH was adjusted to 7.2 — 7.5 with 5 M NaOH
solution. Culture medium contained gypsum or barite
as the solid-phase electron acceptors. SRB were grown
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at 30 °C under static and anaerobic conditions. The inoculum
of SRB was 10 % (v/v). For the series of anaerobic tests
SRB adapted or non-adapted were used on the presence
of gypsum or barite. At the adaptation procedure SRB were
transferred three times into the media which contained the
test compound as the sole electron acceptor. The abiotic
controls were carried out without the SRB application at
the same conditions. The nefelometric method was used to
determine the concentration of sulphates at 490 nm using
the Spectromom 195 spectrophotometer. Soluble sulphide
was analysed using a methylene blue method based on
a colourimetric determination of dissolved H,S and HS~
using N, N-dimethyl-p-phenylenediamine. The pH of the
cultivation medium was determined using the PHM 210
MeterLab pH meter.

Results and discussion

The hydrogen sulphide production from the gypsum as
the solid-phase electron acceptors during a 7-day period of
SRB cultivation at using adapted (SRB — A) or non-adapted
bacteria (SRB — N) is described in Fig. 1. Positive influence
of the adaptation procedure was observed. The hydrogen
sulphide amount in the case of adapted SRB using, in
comparison with the non-adapted SRB was above double.
Sulphates from gypsum were reduced by SRB according to
equation (4) forming hydrogen sulphide. In abiotic controls
(SRB — A (abiotic) and SRB — N (abiotic)) the negligible
hydrogen sulphide production was observed.

SRB
2C4H;0,Na + CaSO, — 2CH,COONa + CO, + CaCOj +
+H,S + H,0 (4)

The changes of sulphates and the hydrogen sulphide
concentration at adapted SRB application and at abiotic
control, when gypsum as the solid-phase electron
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Fig. 1. Hydrogen sulphide production from gypsum by non-adapted
sulphate-reducing bacteria (SRB-N) and adapted bacteria (SRB-A).
SRB-A (abiotic), SRB-N (abiotic) — abiotic controls.
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Fig. 2. Changes of sulphates (B)and hydrogen sulphide (®)
concentration during adapted SRB cultivation and changes of
sulphates (O) and hydrogen sulphide (O) in corresponding abiotic
controls using gypsum as the solid-phase electron acceptors.
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Fig. 3. Changes of pH values during adapted SRB cultivation (®)
and corresponding abiotic control (O) using gypsum as the solid-
-phase electron acceptors.

acceptor was used is demonstrated in Fig. 2. Changes of
corresponding pH values is shown in Fig. 3. The comparison
of biotic and abiotic conditions documented the similar
curve shape of changes of sulphates and hydrogen
sulphide concentration, and pH values only during the first
and second days (Figs. 2 and 3). Later the SRB presence
caused the sulphates concentration decreasing and the
hydrogen sulphide concentration increasing. In abiotic
control after the second day sulphates and hydrogen
sulphide concentrations changes were minimal. Also Fig. 2
documented the nutrient medium influence on the barite
dissolving. Fig. 3 described the contrast of pH values
changes between the SRB application and the abiotic
control. Shift of pH values to alkaline zone was recorded at
SRB presence. It corresponds with equation (4) because
CaCQO; as alkaline mater was produced. Abiotic conditions
report consistent decreasing of pH.

The opposed results were observed at the adaptation
of SRB using barite as the solid-phase electron acceptors
(Fig. 4). Non-adapted SRB produced nearly decimal higher
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Fig. 4. Hydrogen sulphide production from barite by non-adapted
sulphate-reducing bacteria (SRB-N) and adapted bacteria (SRB-A).
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Fig. 5. Changes of sulphates (M) and hydrogen sulphide (®)
concentration during adapted SRB cultivation and changes of
sulphates ([0) and hydrogen sulphide (O) in corresponding abiotic
controls using barite as the solid-phase electron acceptors.
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Fig. 6. Changes of pH values during adapted SRB cultivation (®)
and corresponding abiotic control (O) using barite as the solid-
-phase electron acceptors.

concentration of hydrogen sulphide. At the moment we
cannot explain of this fact. Probably the barium toxicity
influenced on the SRB growth because the barium is
generally toxic to bacteria, fungi, mosses and algae (Roza
and Berman, 1971).

When the barium as the solid-phase electron acceptors
was used the changes of sulphates and hydrogen sulphide
concentration at adapted SRB application and at abiotic
control shows Fig. 5. Changes of pH values at using SRB
are shown in Fig. 6. The decrease of sulphate concentration
and the increase of hydrogen sulphide concentration were
observed in the case of SRB presence. At abiotic control
allocated the decreasing of sulphates. After the initial minor
increasing the hydrogen sulphide concentration showed
the decreasing.

Equations (5) and (6) describe the biochemical reaction
initiated by SRB in the presence of sodium lactate as an
electron donor and BaSQO, as an electron acceptor under
anaerobic conditions at pH 7 according to Baldi et al.
(1996).

SRB
Na-lactate + BaSO, — biomass + BaCO; + BaS + CO, +
+ H,S (5)
BaSO, + 2H,S — BaS + SO, + 2H,0 + S (6)

Equation (5) suggests the biological decrease of the
sulphate concentration and equation (6) the chemical trend,
because produced hydrogen sulphide reduces BaSO, to
BaS. These facts probably explain the zero concentration
of sulphates in the Fig. 5. Experiments realized at biotic
and abiotic conditions have documented the consistent
decreasing of pH.

Conclusions

The study of the biological transformation of alkaline
earth of metals sulphates (CaSO, and BaSO,) confirmed
that SRB obtained from the drinking mineral water Gajdovka
could produce sulphide from the sulphate entity of gypsum
and barite. The sulphate concentration decreased by the
zero concentration in test cultures growing with BaSO, as
the electron acceptor, possibly due to BaS precipitation by
bacterially produced hydrogen sulphide. Hydrogen sulphide
formation from the barite was the slowest when compared to
gypsum as electron acceptor that is more soluble. Sulphate
reduction with gypsum as the electron acceptor probably
resulted in calcite formation (CaCOj) but no precipitation
of sulphide. With barite as the electron acceptor probably
sulphide precipitated as BaS (galena), which is why the
dissolved sulphide concentration remained low.
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Abstract

The objective of this study was the experimental verification of the possibilities of the sulphate
rich mining waters utilization as a source of sulphate for the cultivation of sulphate-reducing
bacteria. The results of this process consist from the elimination of the sulphates from the waste
waters and the biogenic hydrogen sulphide recovery. The acid mine drainage discharged from
the shaft Pech located in abandoned ore deposit Smolnik was used in this work.

Key words: wastewater treatment, sulphates, sulphate-reducing bacteria

Introduction

The sulphate rich waste waters are generated by
a large spectrum of industrial processes including the
paper and pulp production, sea food processing, potato
starch production, tanneries, fermentation, fertilizers,
ore processing and mining. Declining coal and metal
mining industries have caused the problem of acid mine
drainage (AMD) — the highly acidic, dissolved metals
and sulphates containing waste waters. In the treatment
of AMD a little attention has focused on the mitigation of
dissolved sulphates. This may be attributed to its lower
environmental risks — sulphates emissions are not a direct
threat for the environment as sulphates are chemically
inert, non volatile, non toxic and non bioaccumulative
compounds. In general, organisms have a relatively high
tolerance for sulphates. The consumption of the drinking
water containing sulphates concentration in excess of
600 mgl~' commonly results in laxative effects. The taste
treshold for the most prevalent sulphates salts ranges
from 250 to 500 mgl~' (Davies et al., 2003; INAP, 2003). In
term of the protection of aquatic life, sulphates toxicity is
dependent on chloride and hardness concentrations of the
water and it is different case by case (Davies et al., 2003;
IDNR, 2009). However, the discharge of the sulphate-rich
industrial waste water into the surface waters contributes to
the increase of the corrosion potential of receiving waters
and augments the total dissolved solid contents causing
a problem with the cooling in the industries. Moreover,
high sulphates concentration induces an unbalance in the
natural sulphur cycle (Sarti et al., 2009).

Sulphates may be present in the waste waters at
concentrations ranging from a few hundred to several
thousand milligrams per liter and they should not be
discharged into water bodies without sulphates removal.
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The current Government Regulation No. 296/2005 of the
Slovak body of laws includes general requirements for the
surface water quality in the Slovak Republic, where the
recommended sulphates concentration is 250 mgl—.

Various treatment techniques of the mine waters have
been developed during the recent time. The selection
criteria for each of the processes are based on a number
of technical, economical, environmental and legislative
factors. The treatment processes removing sulphates
include these categories: chemical treatment with the
mineral precipitation, membrane technologies, ion
exchange technologies and biological technologies (INAP,
2003).

The biological removal of sulphates from the waste
waters can be realized by the way of anaerobical reduction
to sulphide using sulphate-reducing bacteria (SRB).
SRB are a heterogeneous group of microbes, which use
sulphate as terminal electron acceptor. They use simple
inorganic and organic compounds like hydrogen, lactate
and acetate as electron donors (growth substrates) and
reduce the sulphate to hydrogen sulphide as the end
product by dissimilatory sulphate reduction pathway
(Postgate, 1984).

Materials and analytical methods
Acid mine drainage

The investigation has been carried out at a laboratory
scale, utilizing AMD discharged from the shaft Pech
located at Smolnik (abandoned and flooded Slovak
sulphidic deposit), containing 2 150 mg/l sulphates. Before
the use, many metals (Fe, Al, Mn, Zn and Cu) have been
eliminated from AMD by selective sequential precipitation.
These metals were removed by the precipitation in the
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form of hydroxides using sodium hydroxide as reagent and
sulphides using bacterially produced hydrogen sulphide
as reagent at the various values of pH (Macingova et al.,
2009).

Microorganisms

In the experiment the culture of the sulphate-reducing
bacteria (genera Desulfovibrio) has been used, isolated
from a mixed culture of SRB obtained from the mineral
water Gajdovka (KoSice, Slovakia). For their isolation
and cultivation the selective nutrient Postgate’s medium
C has been used (Postgate, 1984) at 30 °C at anaerobic
conditions.

Analytical procedures

The nefelometric method was used to determine
the concentration of sulphates at 490 nm using the
Spectromom 195 spectrophotometer. The pH of the
cultivation media was determined by the potentiometric
method using the PHM 210 MeterLab pH meter.

Experimental procedure

Batch studies on sulphates removal from the pre-
-treated AMD using SRB were carried out using four
reactors containing 250 ml modified nutrient Postgate’s
medium C. The modification in each case was removing
the sulphate containing salts from the prescribed media
and adding 100 ml of pre-treated AMD containing the
soluble sulphate. Here was also used the different growth
substrates: sodium lactate according to prescribed media
(sample marked La-Na I.), double volume of sodium lactate
(sample marked La-Na Il.), calcium lactate according to
prescribed media (sample marked La-Ca I.) and double
volume of calcium lactate (sample marked La-Ca Il.). The
pH value of nutrient medium was adjusted at 7.5 using 5 M
sodium hydroxide. Each of the reactors was inoculated
with 10 % of a 3-day SRB culture. The abiotic controls with

substrates sodium lactate and calcium lactate respectively
have been prepared (samples marked La-Na AC and
La-Ca AC). The rest of the conditions for the growth were
kept the same as that of the prescribed media.

The regular samples were taken every day over a week
to monitor levels of sulphates.

Results and discussion

The aim of our work was the experimental verification
of the possibilities of the sulphate rich waste waters
utilization as the source of sulphate for the cultivation of
SRB. During our study we obtained the evidence for the
bacterial sulphate reduction to hydrogen sulphide:

(i) by formation of a black precipitate of FeS when
sulphide is formed (for diagnostic purposes media contain
a ferrous salt),

(i) by decreasing of sulphates concentration in the
nutrient mediums.

Figs. 1 and 2 show sulphate reduction kinetic when
using substrates sodium lactate and calcium lactate
respectively.

Results of our experiment demonstrate the high
efficiency of the AMD treatment. Depend on the quality
and quantity of used substrates there was reached 100 %
(La-Na Il.), 97 % (La-Ca Il.), 61.39 % (La-Na |.) and 57.55 %
(La-Ca 1.) removing of sulphates by the dissimilatory
sulphate reduction. In the abiotic controls the concentration
of sulphates did not decrease. Fig. 3 shows the efficiency
of sulphate elimination.

Technologies include SRB are promising for their
ability to reduce soluble sulphates and produce high
amount of hydrogen sulphide which has a great affinity
to react with divalent metals to form of insoluble metal
sulphides thus removing toxic metals from waste waters
(Kaksonen et al., 2007). Sulphide precipitation of metals
has been demonstrated to have several benefits over the
usually used hydroxide precipitation, such as lower effluent
metal concentrations, better thickening characteristics of
the metal sludge and the possibility to recover valuable

—o—La-Nal —e—La-Nall —k—La-NaAC

1.4

Concentration of sulphate
[mag/ml]

Time [day]

Fig. 1. Sulphate reduction kinetics
using natrium lactate as substrate
for cultivation of SRB.
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Fig. 2. Sulphate reduction kinetics 0 1
using calcium lactate as substrate
for cultivation of SRB.
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100

97

Fig. 3. Efficiency of removing of
sulphate.

metals (Huisman et al., 2006). Obtained hydrogen
sulphide may be also oxidized to elementary sulphur by
way of chemical oxidation using ferric ions (Luptakova
et al., 2002) or by Thiopaq gas purificating technology.
This is a biotechnological process for removing H,S from
gaseous streams by absorption into a mild alkaline solution
followed by the oxidation of the absorbed sulphide to
elementary sulphur by naturally occurring microorganisms
— Thiobacillus bacteria (THIOPAQ, 2004).

Conclusion

The possibility of utilization of the sulphate reducing
bacteria to remove the sulphates from the waste water was
the aim of our research. The sulphate concentration in six
reactors contained modified nutrient Postgate’s medium
with the pre-treated AMD as a source of sulphates were
monitored during one week. Four reactors were inoculated
with SRB cultures and two reactors without inoculation
served as an abiotic control. A quantitative elimination

40 60 80 100 120

removed sulphate [%]

of the sulphate (100 and 97 %) has been achieved in our
experiment. Results have demonstrated the technical
feasibility of the use of sulphate-reducing bacteria
to biological sulphate removal from pre-treated AMD.
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Abstract

Nanotechnology, the science which offers great opportunities, involves manipulation and
application of engineered particles or systems that have at least one dimension being less than
100 nm in length. Products of nanotechnology, e.g. silver nanoparticles are widely used in many
industries due to their unusual properties, which are dependent on the nanometric sizes. Despite
the fact that materials containing nanosilver are widely available, their possible impact on the
human health and the environment is still not fully understood. Detailed information about the
risk assessement for nanoparticles is required, especially data on the potential toxicity, routes of
exposure and environmental effects, including application, transformation and bio-accumulation.
The main aim of this paper is to present the possible negative interaction of nanosilver on the
environment and toxicity to organism, as well as to draw attention to a new type of the waste
— nanowaste and present probable ways to eliminate a destructive impact of nanoparticles.

Key words: nanotechnology, silver nanoparticles, risk assessment, toxicity, nanowaste,

prevention

Introduction

Nanotechnology as a science about producing
structures, devices and systems with one dimension
between 1 and 100 nm is described as one of the
key technologies of the present century. According
to the National Nanotechnology Initiative of the U. S.
government the main aim of this science is the research
and development to understand and work with a matter at
the atomic, molecular and supramolecular levels (Scott,
2007). In the other words the nanotechnology is focused
on preparing the miniature products determined by the size
of their elements. Nanoproducts e.g. nanoparticles exhibit
completely new or improved properties based on specific
characteristics such as size, distribution and morphology,
if compared with the larger particles of the bulk material
they are made of (Song and Kim, 2009). Using these
unique features will allow to control many processes at the
level of atoms and also offers opportunities to create new
devices with unprecedented functionality (Swiderski and
Waszkiewicz-Robak, 2006).

Recently, the attention has been focused around the
metallic nanoparticles which are widely used in the different
areas of life due to their unusual properties (Panyala et al.,
2008). One of the most important advantages of them is
a large surface to the volume ratio with decreasing size of
nanoparticles leading to increasing the chemical activity.
Highly developed surface area has a significant effect on the
adsorption properties, reactivity of nanomaterials, optical
features and the other properties including antimicrobial
activity (Song and Kim, 2009; Panighari et al., 2004).
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Risks associated with nanotechnology

Though the research in nanotechnology continues
apace, relatively little is known about the subsequent
health effects of the exposure. Despite the fact that
materials containing nanoparticles are widely available,
one of the side effects of nanotechnologies is the release of
nanomaterials to the environment. It may have a hazardous
effects on the environment and living organisms, therefore
the risk assessment of used nanomaterials is needed.

As mentioned, the nanomaterials show quite different
features in comparison with the bulk materials and their
toxicity may be different from that of the same chemical
substance in the form of larger particles. There are
examples where nanoparticles can produce toxic effects
even if the bulk substance is nonpoisonous (Dowling,
2004). For example there is demonstrated that the ultrafine
TiO, particles (20 nm diameter) elicited a persistently high
inflammatory reaction in the lungs of the rats compared to
the larger-sized particles (250 nm diameter) (Oberdérster
et al., 1994). Also the research studies of Chae et al.
(2009) suggest that two different silver forms (silver ions
and silver nanoparticles) have various impact on the fish
Oryzia lapites. The silver nanoparticles appear to be more
toxic than the ionic form of silver which leads to cellular
damage.

Due to smaller size, nanoparticles easier penetrate
cells which is not always desirable, moreover they have
increased surface so they are more reactive. Therefore
more research on the toxicity of nanoparticles is needed,
because besides the many advantages they can be also
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a threat. It should be noted that the potential risks of available
nanoproducts are currently the subject of many different
studies and toxicological effects are poorly understood
despite rigorous risk control assessment (Hallock et al.,
2009). To illustrate the problem, as an example there
could be a new anti-bacterial material with the silver
nanoparticles for the meat packing. The main advantage is
the longer product shelf life and disadvantages include the
uncertainty whether the silver nanoparticles might migrate
from the packaging material into the meat. Another use
of nanoscience with unexplained effects on the health of
living organisms is a nanomaterial with the beta-carotene
closed in small particles which better dissolves in the
water, but experts still do not know the side effects of the
nanoproduct (Siegrist et al., 2007). It is obvious that not all
nanomaterials have a negative impact on the surrounding
nature. Toxicity experiments of American researchers
demonstrated that colloidal spherical silver nanoparticles
and silver nanoprisms of 30 nm sizes are not cyto-, photo-
or genotoxic to human skin HaCaT keratinocyte (Lu et al.,
2010). However the risk assessment needs to protect the
environment from the unwanted release.

Applications of silver nanoparticles

In recent years the nanostructured silver particles
have been the subject of much intensive research.
Already in 2007 at Woodraw Wilson International Center
of Scholar there have been tested more than 500
commercial nanoproducts and 20 % of them contained
silver nanoparticles (Lu et al., 2010).

At the beginning, silver was used for making ornament,
but after the discovery of the extraordinary antimicrobial
properties silver was utilized for preservation of food, water
and milk and for the treatment of wounds and infections
(Tien et al., 2008). Actually chemicals based on nanosilver
are applied in electronic, optic, chemical and textile
industries, as well as in pharmacy, cosmetology, medicine,
food production and packing where they play a significant
role as substrates for synthesis, catalytic materials,
sensors, conductors, detergents or antimicrobial coatings
(Xu et al., 2006; Siegrist et al., 2007; Chen et al., 2009; Lu
et al., 2010). It is also possible to modify materials and raw
materials by the deposition of the silver nanoparticles on
the carrier or covering their different surfaces, whereby they
shown deodorize, antistatic and impregnation properties
(Zhang et al., 2007).

Influence of the silver nanoparticles
on living organisms

Particles with the dimension below 100 nm are
synthesized not only in industrial prosesses, but also the
nature enriches the environment by the different nanosized
particles. They are generated by natural events such as
volcanic eruptions, forest fires and they are components
of fumes formed during the automobile exhaust or other
industrial combustion reactions (Navarro et al., 2008;
Hallock et al., 2009; Bystrzejewska-Piotrowska et al.,
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Fig. 1. Pathways of nanoparticles in the environment.

2009). In other words, people have always had contact
with the nanoparticles of various origin. Rapid growing
production of nanomaterials caused the increase of amount
of nanomaterials in the environment, what which may have
adverse effects on organisms.

Due to the multiplicity of routes of penetration into
the body of organisms, many studies on the toxicity of
nanoparticles on living organisms have been conducted.
However, they do not give an unequivocal answer whether
nanosilver harms, because some reports demonstrate the
toxic effects on the health and another show that silver
nanoparticles do not induce any negative consequences.
There exist three main groups of exposures — inhalation,
ingestion and skin absorption (Friedrichs and Schulte,
2007; Hoyt and Mason, 2008; Hallock et al., 2009).
For the silver nanoparticles the most frequent is inhalation
and skin absorption routes due to size, mass and shape
of nanoparticles (Hyun et al., 2008; Larese et al., 2009).

It is found that silver metal and silver dressing has
no negative effects (or even favourable) when is used in
reasonable amounts, but many scientific reports prove
that silver in various forms, also, nanosized silver is
extremely toxic to some plants, fungi, bacteria, fish and
mammalian cells (Panyala et al., 2008). It is shown that
silver nanoparticles disintegrated cell membranes of
bacteria e.g. Escherichia coli and Staphylococcus aureus
and kill them (Martinez-Castanon et al., 2008). Moreover,
as already mentioned silver especially silver nanoparticles
causes changes in the expression of the stress-related
genes of fish leading to disruption of metabolism and DNA
damage (Chae et al., 2009). Other research showed that
silver nanoparticles induced embryo-cytotoxicity in the
mouse blastocysts and decrease their viability increasing
apoptosis (Li et al., 2010). Cytotoxic effect of nanosilver was
also demonstrated using the in vitro rat liver derived cell line
(Hussain et al., 2005). It was noted that the presence of the
silver and other nanoparticles leads to oxidative stress and
interferes with mitochondrial function. Braydich-Stolle et al.
(2005) estimated that silver nanoparticles already at 5 to
10 pug/ml concentration caused changes like necrosis and
apoptosis of cells and drastically reduces mitochondrial
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activity. Further research suggests than nanoparticles can
have a severe toxic effect on the male reproductive system
by the capability to cross the blood-tests barrier (Panyala
et al., 2008). Nanosized silver also easily pass through the
blood-brain and skin barriers in the model animals (Borm
and Kreyling, 2004).

On the other hand, there are reports of non-toxic effect
of silver nanoparticles on living organisms like mentioned
earlier tests results of nanosilver influence on the human
skin HaCaT keratinocyte. Another example are studies
on the nasal septum respiratory mucosa of rats. The
animals exposure on the silver nanoparticles by inhalation
exhibited the changes in the properties of the goblet
cells in the respiratory system, but without toxicological
significance (Hyun et al., 2008). Similar results were
observed during experiments on mices, which shown
lack of negative changes in the functionality of organism.
Two different concentrations of the specially prepared
silver nanoparticles were injected intra-peritoneally.
Despite of penetration of the nanosilver across the blood
brain barrier it was not observed toxicity. Additionally,
silver nanoparticles apparently can be an alternative
to conventional chemotherapy by increased neurotrans-
mission and activity of the brain (Daniel et al., 2010).

It is true that organism’s response to the presence
of nanoparticles may by different and in the vitro models
there is a simplification of natural conditions, nevertheless
each result can be a basis for the further assessing of
the potential risk of exposure. The amount of potential
applications of silver nanoparticles shows that more
research is needed to improve nanomaterials and release
them of any toxicity.

Influence of silver nanoparticles on the environment

It is believed that the development of nanotechnology
may help to protect the environment by improving the water
and food quality and reducing the energy consumption.
Among the numerous applications of nanotechnology,
there are already many that involve the environment. Using
the iron nanoparticles for remediating of contaminated
land and waters (Owen and Depledge, 2005; Tratnyek and
Johnson, 2006), europium oxide nanoparticles for detecting
the antrazine pesticide in the water (Matecka, 2007) or
silver nanoparticles in the water treatment applications
as antibacterial water filter (Lv et al., 2009) are only some
examples.

However, there are also alarming reports concerning
the uncontrolled release of nanomaterials (nanowastes)
to the atmosphere, the soil and to the aquatic systems.
Fig. 1 presents a schema of the nanoparticles pathways
in the environment.

This problem also includes the silver nanoparticles.
Based on several studies, it can be concluded that
nanosilver appears to be a threat for natural ecosystems
and thus indirectly to living organisms. Silver and silver
nanoparticles exhibit toxic effect on human-friendly
microbes like heterotrophic and chemolithotrophic bacteria
in the soil, which play a major role in the nitrogen fixation

and decomposition of inorganic matters (Panyala et al.,
2008). The model for nanoparticles toxicity in aquatic
system is in vitro culture of rainbow trout hepotocytes.
There was investigated the influence of the different forms
of silver on trout hepatocytes and the results showed
that the nanosilver was highly cytotoxic and even at
low concentrations nanoparticles reduced of metabolic
activity and the membrane integrity (Farka$ et al., 2010).
Moreover, researchers observed than silver nanoparticles
were slightly higher toxic than silver ions. It is found that the
silver nanoparticles toxicity was mediated by the silver ions
— nanoparticles were interacting with the cells and thereby
releasing a high number of ions directly inside the cells.
Another example proving accumulations of nanosilver in
the aquatic environments are experiments on zebrafish
embryo. Silver nanoparticles increased apoptosis in
nanoparticles-treated embryos and caused brain, heart,
eyes injury and other serious damages (Navarro et al.,
2008).Other reports demonstrated that, silver nanoparticles
also have the negative influence on the phytoplankton. In
the study of Miao et al. (2009) silver nanoparticles cause
the inhibition to the cell growth of coastal marine diatom
Thalassiosira weissflogii.

It should be paid an attention that some living organisms
like fungi or plants also introduced silver nanoparticles into
the soil environment. Extracellular biosynthesis has been
shown e.g. in Fusarium solani (Ingle et al., 2009) and in the
different plants as Magnolia kobus or Ginko boloba (Song
and Kim, 2009).

Because the nanotechnology is a relatively young
branch of science, the release of nanomaterials to the
environment is still not fully understood. It is not known yet
what concentration, size and shape of nanoparticles are
toxic in different environments, what are mechanisms of
the trophic transport and exposure routes, therefore the
further research are absolutely needed.

Nanowaste — possible ways to eliminate it

New, rapidly developing science — nanotechnology
leads to the formation of a new type of the waste
— nanowaste. It contains collections of nano-objects like
engineered particles, fibres or plates in the nanoscale. Due
to the diversity of nanoobjects synthesized by the nature
or researchers their potential threats to environment and
the composition of the nano-waste is a very different.
Depending on the amount, types and composition of the
nano-objects the different quantities of nanowaste are
produced (Allan et al., 2009). There exist four main types of
nanowastes, which can act as an ecotoxicological hazard
through the biodegradation or bioaccumulation in the food
chain:

1. Pure materials,

2. Items contaminated with nanoparticles,

3. Liquid suspensions containing nanomaterials,

4. Solid matrices with nanomaterials (Hallock et al.,
2009).

Itis necessary to find how nanomaterials will be treated
and disposed of after the end of their use, therefore the
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examination of the harmfulness must include: identification
and quantification of the sources, determination of
the environmental release pattern, establishment of
concentrations in the environment, and examination of
the potential bioaccumulation (Bystrzejewska-Piotrowska
et al., 2009).

Itis obvious that all the problems concerning the hazard
evaluation of nanotechnology cannot be rapidly solved, but
so far has been proposed many ideas for possible ways
to eliminate them. Firstly, due to nanoparticles are 100 %
respirable it could be considered to change of form. For
example the reducing the airborne concentrations may be
obtained by the receiving or handling nanomaterials only
in wet form (Hoyt and Mason, 2008). An interesting idea
about the removal of nanoparticles from the environment
encompass a method developed by Iwashita et al. (2007).
They elaborated a device for trapping nanoparticles by
collision and attaching them by their surface. The trapping
efficiency of the device for nanoparticles above 2 nm in size
is more than 99.8 % at a low pressure. Another promising
way to decrease of toxicity is the surface modifications
by adding different functional groups or encapsulation.
Interesting results of experiments conducted with the
use of carbon nanotubes. Test consisted from the adding
various chemical groups to an aqueous solution of the
carbon nanotubes, which changed the surface structure of
nanotubes. As a result, there was observed the reduction
of mortality of the human skin cells from 50 % to more than
a dozen (http://www.nanotec.org.uk). For the identification
and observation (morphology, composition or interparticles
relations, distributions of nanomaterials in the organisms)
there is possible to use the fluorescent detection, surface
plasmon resonance, photocatalytic detection and another
analytical techniques (Silbergeld et al., 2010; Zhang and
Fang, 2010).

Attention is also drawn to a nanowaste recycling,
emphasizing segregation, nanowaste storage, recovery
and reuse. Other ideas are based on the possibility of
bioaccumulation of nanowastes (mainly nanoparticles)
by plants, fungi and microorganisms as is the case with
the heavy metals. It is believed that bioutilization may help
to remediate the environment and protect fauna and flora
(Bystrzejewska-Piotrowska et al., 2009).

Conclusions

New types of risks to the environment resulting from
the release of nanomaterials on the environment should
be considered. Therefore the potential risks of the silver
nanoparticles and another nanomaterials are currently
the subject of hundreds conducted studies. Numerous
institutions are collecting data about ongoing research
projects and the test results — e.g. the International
Council of Nanotechnology — ICON, the Woodrow Wilson
International Centre for Scholars, National Nanotechnology
Initiative — NNI and other (Friedrichs and Schulte, 2007;
Hoyt and Mason, 2008).

Considering the nanotechnology it is needed to look
not only what damaged it causes, but what opportunities

it offers. Phillipus Auroleus Bombastus von Hohenheim
also referred to as Paracelsus created the classic
toxicology maxim: “All things are poison and nothing
is without poison; only the dose makes a thing not
a poison.” Currently, still is little known about the effects
of the implementation of nanotechnology, however,
it is estimated that in the future the world will develop,
owing to nanotechnology, free of any threat.
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Abstract

Heavy metals are discharged from various industries
such as electroplating, metal finishing, textile, storage
batteries, mining ceramic and glass. As they pose serious
environmental problems and are dangerous for human
health, considerable attention has been given for the
methods for their removal from the industrial wastewaters.
At present, many technologies, such as sulfuration method,
electrolysis, membrane and ion-exchange process, can be
used for the treatment of wastewater polluted by the heavy
metals. However, these methods are less effective and
more expensive when heavy metal concentration in the
wastewater is low, and some of them are easy to cause
the secondary pollution. Removal of heavy metals by
biosorption has many advantages, such as fast adsorption
speed, removing heavy metal ions selectively under low
concentration, high adsorption efficiency, wide range of
pH and temperature, less investment and running cost.
In addition, some heavy metals can be recovered.

Phanerochaete chrysosporium is a well-known white-
-rot fungus and it has a strong ability to degrade various
xenobiotics and exist in bleaching effluents from pulp
and paper mills. It could also be used to remove heavy
metals from the wastewaters by adsorbing the metals on
its mycelium. The treatment of native biomass improves its
biosorption capacity, changes the possible binding groups.

342

In this study the biosorption of heavy metals from aqueous
solution on non-living mycelial pellets of Phanerochaete
chrysosporium treated with caustic, heat and ethanol was
studied using batch technique with respect to initial pH value,
initial concentration and biomass dosage. Phanerochaete
chrysosporium was grown in a liquid medium containing
mineral and vitamin materials with a complex composition.
The maximal adsorption capacity for lead removal was
determined at pH 6. The kinetics of lead(ll) removal and
the relevance of adsorption isotherms for characterization
of the uptake were examined. The biosorption process
followed pseudo-second order kinetics. The adsorption
data of heavy metals on the blank beads and treated
biomass could be well described with Freundlich and
Langmuir isotherm equation as well. The biomass of P,
chrysosporium treated with ethanol revealed that it was
mechanically stable and had increased adsorption capacity
compared to caustic, heat and untreated cells.
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Abstract

Ochreous sediments, dominated by schwertmannite mineral from the acid mine drainage
effluent from the Smolnik abandoned sulfide mine, and biogenic schwertmannite prepared under
laboratory conditions, were subjected to leaching by the acidophilic iron-reducing bacterium
Acidiphilium SJH. Different kinetics of the mobilization of sulfur and iron entities from the
schwertmannite during the bacterial leaching indicated incongruent dissolution of the mineral.
Due to bacterial iron reduction, all of the dissolved iron was in divalent state. Contrary to the
progressive sulfate extraction, the leaching of iron showed saturation behaviour, caused either
by the sorption of ferrous ions onto the mineral surface or by the precipitation and formation of
new mineral phase. Mobilization of arsenic from the sediment in the early stage of leaching was
followed by its later disappearance from the solution due to sorption or co-precipitation onto/with
a newly formed iron mineral phase.

Chemical analysis of the acid mine drainage (AMD) water and related sediments formed from
the stream revealed selective scavenging potential of the iron precipitates for arsenic and some
other species. The iron oxidizing and iron reducing bacteria play a vital role in the successive
dissolution and immobilization of elements in the mine drainage systems in connection with
the biogeochemical destruction and reconstruction of metal sulfides, iron hydroxides and iron
hydroxysulfate minerals.

Key words: AMD, schwertmannite, acidophilic bacteria, iron, sulfate, precipitation, oxidation,

reduction

Introduction

Iron and sulfur oxidizing bacteria play an important
role in the metal mobilization in AMD, as they accelerate
the oxidation of iron and sulfur entities in the pyrite and
other metal sulfides, leading to mineral dissolution and
acid generation (Singer and Stumm, 1970; Nordstrom,
1982). On the other hand, bacterial oxidation of Fe?* to
Fes+ affects the iron speciation and as a result of that it
contributes to the formation of the secondary iron minerals.
After the ferric iron in the AMD systems reaches saturation,
it hydrolyses and precipitates in various forms of iron oxides
and hydroxysulfate minerals. Schwertmannite (Eq. 1) is
considered to be the major secondary ferric iron mineral
that forms in moderately acidic (pH 2.8 — 4.5) sulfate waters
impacted by AMD (Bigham et al., 1996).

8 Fe®* + SO, + 14 H,0 — FegOg(OH)sSO, + 22 H* (1)

Sediments of AMD recipients receive significant amount
of iron, sulfur and other elements that co-precipitate with
or adsorb onto these secondary mineral phases. The
formation of these iron minerals may play an important role
in the transient storage of metals.

Heterotrophic acidophilic bacteria, that occupy acid
mine streams, have been shown to use the dissimilatory
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reduction of ferric iron to growth in oxygen-limited
conditions (Coupland and Johnson, 2008). Reductive
dissolution of solid ferric iron minerals by these bacteria
causes mobilization and down-stream transportation of
iron, sulfate and other potentially toxic elements associated
with the precipitates through sorption or solid solution.
The cycling of Fe between the oxidized and reduced
solid phases thus involves successive solubilization and
immobilization of elements from these transient storages.
Iron oxides are in general compounds with low- to very low
solubility. In natural environments, reductive dissolution is
by far the most important dissolution mechanism (Cornel
and Schwertmann, 2003).

In this work, heterotrophic bacterium Acidiphilium
SJH was applied in the leaching test, as the ability of this
bacterium to reduce both soluble and solid phase ferric
iron has been reported previously (Bridge and Johnson,
2000).

Material and methods
Preparation of the minerals
Ochreous precipitates were collected from the sediments

of AMD effluent from the shaft Pech that concentrates the
majority of waters draining the flooded Smolnik mine area.
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The sediment was air dried at the ambient temperature,
homogenized and stored in desiccators for further use.

The biogenic schwertmannite was prepared in the
laboratory from ferrous sulfate solution (FeSO, - 7H,0)
by its biological oxidation to ferric sulfate followed by the
ferric iron hydrolysis and precipitation. Psychrotolerant
iron-oxidizing bacterium Acidithiobacillus ferrooxidans
SS3 (Kupka et al., 2007) was inoculated to the ferrous
iron-containing medium. The schwertmannite formation
was achieved in the absence of potassium and at low level
of other monovalent cations to prevent the precipitation
of jarosites (Wang et al., 2006; Gramp et al., 2008) salts
medium for schwertmannite synthesis contained 1.6 mM
MgSQO, - 7H,0, 6.1 mM NH,H,PO, and 120 mM FeSO, -
- 7H,0 in 4.05 mM H,SO,. The initial pH of the medium
was 2.8. The incubation was carried out at 4 °C in 500 ml
flasks stored in cooling thermo cabinets and magnetically
stirred at 180 rpm. Samples of the solutions were taken
in intervals for the iron speciation, sulfate, pH and redox
analysis. All synthesis conditions involved 10 days of
equilibration before the samples of precipitates were
separated from the rest liquid medium by centrifugation at
5 000 rpm, washed by distilled water and air dried.

Bacterial leaching

The leaching tests of the sediment samples were done
with the iron reducing bacteria Acidiphilium SJH (Bridge
and Johnson, 2000) in the special tubes with a screw
cap and a septum. Each tube contained 0.05 g of dried
sediment and 10 ml of liquid medium (final pulp density
5g-I").The medium contained (per liter) 6.25 g (NH,),SO,,
2.5 g MgSO, - 7H,0, 0.13 g tryptic soy broth, 0.9 g
D-galactose, and 1 mL solution of the trace elements. The
medium was acidified with 5M H,SO, to final pH 2.5. The
bacterial inoculum was taken from the aerobically grown
culture. The cells were separated from the nutrient solution
by filtration through a 0.20 um pore size Milipore filter.
Washed cell pellets were suspended in fresh medium and
diluted to adjust the final cell concentration equal to optical
density ODgy = 1.0. Ten milliliters of the cell suspension
were added to each tube. The tubes were air tightly
closed, and incubated dynamically on a rotator at 60 rpm
in a thermostat at 25 °C. Experiments were carried out
in triplicates and each series included one abiotic control.

Because of the observing anoxic conditions and
excluding the sample contamination, the samples were
taken in regular intervals through the cap’s septum by
using sterile needles and syringes. The samples were
filtered in order to separate the solid and liquid phases
before analysis.

Chemical analyses

Chemical composition of the solid phases was
determined by atomic absorption spectrometry (AAS) with
GTA furnace after the digestion with concentrated nitric and
hydrochloric acid (1 : 1) in a microwave digester. Ferrous
iron was measured by o-phenantroline colourimetric
method, ferric iron by UV-spectrophotometric method at
A = 300 nm. Sulfate concentration was determined by
BaCl, nephelometric method. Concentrations of the total
iron and arsenic in the leaching liquors were determined
by AAS and pH and the redox potential of the solutions by
the potentiometric method.

The XRD patterns were measured using a Philips PW
1820 powder diffractometer working in the 20 geometry
with CuKo radiation. The JCPDS PDF database (JCPDS-
-PDF, 2004) was utilized for the phase identification.

Results and discussion

The XRD spectrum of the Smolnik precipitate (Fig. 1)
gave characteristic schwertmannite XRD pattern with
8 broad peaks and a high background, indicating poor
crystallinity. The spectrum contained the phases: iron oxide
sulfate hydroxide Fe;5014(SO4)3(OH)4o- 10H,O (JCPDS 47-
-1775), iron oxide hydroxide FeO(OH) (JCPDS 13-87), and
ferrihydrite Fe;O,(OH) - 4H,0 (JCPDS 29-712).

Chemical composition of the sediment is given in Tab. 1.

The two major elements of the precipitate are iron
and sulfur. Schwertmannite, with the ideal formula
FegOg(OH)4(SO,), implies an Fe/S molar ratio of 8.
However, the sulfate content is variable in natural samples
of schwertmannite and varies from 10 to 15 wt.%, yielding
Fe/S mole ratios ranging from 8 to 4.6 (Bigham et al., 1994;
Murad et al., 1994; Bigham et al., 1996). The weight %
of iron and sulfur in the “Smolnik” precipitate (Tab. 1) are
44.89 and 5.53 respectively, yielding Fe/S molar ratio of
4.7. This value belongs to the range of naturally occurred
schwertmannites published by Bigham et al. (1994).

Fe(lll)-hydroxysulfates from the acid mine drainages
have been shown to contain As, Cr, and a variety of the rare
earth elements (Schroth and Parnell, 2005). Relatively high
content of arsenic (0.28 wt.%) in the “Smolnik” precipitates
indicates their ability to accumulate oxyanions from the
surrounding water. The concentration of arsenic in the AMD
stream in which the precipitates were formed was 30 ug - I
The concentration of iron and sulfate in the AMD was
380 mg - I'" and 2 320 mg - I' respectively. The pH of the
water was 3.9 and temperature 14 °C. Natural precipitates
in the sediments of streams, where the water has attained
a pH of 3 to 4, are dominated by schwertmannite.

Tab. 1
Chemical analysis of precipitates taken from AMD (shaft Pech) in Smolnik abandoned mine (April, 2009)

Fe S Al Ca Mg Na K As Cu Zn Mn Pb
% % % % % % ppm % ppm ppm ppm ppm
44.89 5.5 0.3 0. 0.0 0.0 475 0.28 112.5 72.5 35 16.8




Z. Pallova et al.: Metal mobilization from AMD sediments in connection with bacterial iron reduction

250+
2.55
2004
E 150 / \2.28 1.51
c N
8 4.86 3.39 f \ 1.66 fV“AG
o [y 19
> | ! WM,\N !
% 1004 ‘| M
5
= H
504 ‘
l
O T T T T T T T T T T T T T 1

10 20 30 40 50 60 70 80
2 0 [degrees]

Fig. 1. X-ray diffractogram of precipitates collected from the shaft
Pech in the Smolnik abandoned mine. The d-spacing (A) and peak
positions for schwertmannite (PDF 47-1775) are given as vertical
lines.

Schwertmannite was the major component of all collected
and studied AMD precipitates formed between pH 2.5 and
4 by Murad et al. (1994).

Preparation of the biogenic schwertmannite from
ferrous salt solution using psychrotolerant iron oxidizing
bacteria Acidiphilium SS3 was done at 4 °C. Ferrous iron
was completely oxidized to ferric iron within 10 days (Fig.
2A). The solution pH initially increased due to the acid-
-consuming iron oxidation. Subsequent reaction of ferric
iron hydrolysis, leading to schwertmannite formation is acid
producing and the final pH value depends on the extent
of ferric iron precipitation (Fig. 2B).

Due to bacterial oxidation of Fe?* to Fe3* ferric iron
eventually reached supersaturation with respect to
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Fig. 3. SEM micrographs of biogenic Schwertmannite prepared
in laboratory (top) and EDX analysis (bottom), which revealed
65.6 % Fe and 6.87 % S content in the mineral, yielding Fe/S molar
ratio of 5.48. This value belongs to the range of naturally occurred
schwertmannites published by Bigham et al. (1994).
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Fig. 2. Bacterial oxidation of Fe?* to Fe3* (2A), pH changes and precipitation of iron and sulfate in the course of schwertmannite formation
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schwertmannite, which formation diminished iron and
sulfate concentration in the solution. Schwertmannite
was synthesized in the absence of potassium and other
monovalent cations, to eliminate the formation of jarosite
minerals. The SEM and EDX analysis of schwertmannite
formed is done in Fig. 3. The XRD analysis of this reference
schwertmannite sample revealed characteristic 8 broad
peaks pattern (data not shown), similar to those in Fig. 1.

Reductive dissolution of the iron precipitates

Fig. 4 shows bacterial leaching of AMD sediment and
biogenic schwertmannite. The reductive dissolution of
ferric hydroxysulfate (schwertmannite) FegOg(OH)g(SO,),
releases ferrous iron and sulfate and generates net
alkalinity (Eq 2).

3FegOg(OH)5(SO,) + CgH1206 + 6H,0 — 24Fe?+ + 6CO, +
+3S0,2 + 420H- (2)

In the course of bacterially mediated dissolution of
ferric iron minerals, Fe'' from the solid phase accepts
electrons from the oxidation of organic matter. Reduction
of Fe'' to Fe' destabilizes the coordination sphere of the
iron, both as a result of the loss of charge and because
of the larger size of the bivalent iron ion and thus induces
detachment of iron as Fe?* from the structure (Cornel
and Schwertmann, 2003). The higher initial rate of the
iron extraction was observed at laboratory prepared
schwertmannite (Fig. 4 closed symbols) compared to iron
extraction from the AMD sediment (Fig. 4 open symbols).
The concentrations of dissolved iron, from which Fe?* was
the dominant iron species, reached approximately 16.5 mM
(913 mg - I"), which corresponds to 31.6 % vyield. The rate
of the leaching gradually decreased and reached zero after
5 days at pure schwertmannite and 20 days in the case
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of AMD sediment sample. Laboratory studies of bacterial
reductive dissolution of the crystalline ferric iron oxides
typically revealed only minor degrees of the iron extraction
(Phillips et al., 1993; Bridge and Johnson, 2000; Roden et
al., 2000). There are a number of reasons of decelerating
the iron dissolution rate. The mineral surface passivation
due to the accumulation of surface bound divalent iron is
assumed to be the major factor prohibiting the complete
dissolution of mineral in batch systems (Roden et al.,
1999, 2000). Adsorbed and exchangeable iron fraction of
the solid phase was not quantified in these experiments.
Unlike dissolved iron, the concentration of sulfate does
not follow asymptotic behaviour and gradually increased
in the observed interval (data not shown), indicating
incongruent dissolution of the mineral phases. The high
initial concentration of sulfate (approx. 120 mM) in the
medium prohibited the exact determination of net sulfate
extraction from the mineral phase during the leaching.
Mobilization of arsenic from the Smolnik sediment was
observed in the early stage of leaching (Fig. 4B), followed
by its disappearance from the liquid phase after 12 days.

Schwertmannite is a poorly crystalline, metastable
mineral that transforms spontaneously to goethite,
releasing all its structural sulfate and producing protons
(Eq. 3) (Bigham et al., 1996).

FegOs(OH)sSO, + H,0 — 8FeOOH + 2H* + SO,2  (3)

Transformation of the mineral schwertmannite to
thermodynamically more stable goethite was observed in
laboratory conditions at room temperature during 543 days
(Bigham et al., 1996). In the presence of the iron reducing
bacteria, the degradation of the parent iron mineral is
accelerated and the reconstruction of the new mineral
phase could be substantially affected due to the alteration
of the ion speciation and the abundance of divalent iron
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Fig. 4. Mobilization of iron and arsenic in the course of bacterial reductive dissolution of iron hydroxysulfate minerals. 4A extraction of iron
from the biogenic schwertmannite (open symbols) and AMD sediment (closed symbols). 4B mobilization of arsenic from the AMD sediment
in the course of bacterial leaching. Symbols indicate averages + standard deviations from triplicate flasks.
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species. Besides goethite, the formation of other phases is
possible. At higher pH, which is achieved due to alkalinity
producing reaction 2, the formation of magnetite is more
likely as accumulation of this mineral has been observed
during anaerobic bacterial iron reduction.

Conclusions

Bacterial oxidation of ferrous iron to ferric iron in the
acid mine effluents contributes to attenuation of dissolved
species in these systems. As ferric iron concentration in the
solutions increased, it eventually reached supersaturation
and co-precipitates with sulfate to the form of insoluble
iron hydroxy sulfates. Schwertmannite is considered
to be the major secondary ferric iron mineral that forms
in the moderately acidic sulfide mine waters. The XRD
pattern of both, the Smolnik AMD precipitate and biogenic
schwertmannite prepared in the laboratory corresponds
to published X-ray spectra of AMD precipitates taken from
other sites, where schwertmannite was the dominant Fe(lll)
mineral phase (Bigham et al., 1990). Chemical analysis of
the Smolnik sediment has proved retention of arsenic, Al,
Cu, Zn and Pb from AMD stream and hence the capacity of
iron precipitates for the transient storage of iron, sulfur and
heavy metals. The paragenesis of ochreous AMD minerals
and the fate of associated species depend on immediate
environmental conditions. The cycling of Fe between
oxidized and reduced solid phases may also involve
solubilization or immobilization of associated potentially
toxic metals or other ions during mineral destruction and
transformation.
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Abstract

Effects of the black coal underground mining are
manifested in the mining landscape of the Ostrava-Karvina
region in the form of earth’s ground deformations being
accompanied by the deformations of all the way to the
destruction of the surface structures. To deal with the black
coal underground mining consequences it is necessary
to provide the enormous volumes of the filling materials,
especially in places where the waste rock and tailings from
the preparation processes are short.

The utilization of the waste for the technical land
reclamation is decided in the individual localities and based
on the local risks as well as the legislative restrictions
(the requirements for the harmful substance contents in
the waste, which may be used on the ground surface, are
specified in the Decree No. 294/2005 Coll. on conditions
for the waste disposal in the waste disposal sites and
its utilization on the ground surface, as amended by
the Decree No. 383/2001 Coll., on details for the waste
handling).

Therefore, firstly there is necessary to identify the own
waste or waste mixtures with following laboratory and pilot
tests. Only then, it is possible to determine, whether the
waste may be applied in the locality in question for the
technical land reclamation purposes.

Out of the range of the waste possibly suitable for
the use on the ground surface, the choice of samples of
“future” filling materials was narrowed to three available
commodities: waste from the metallurgical primary
production (blast-furnace slag), waste from the power-
-engineering (fluid fly ash, fly ash stabilisate), and waste
from the chemical industry (production of titanium white).

First, the waste samples underwent the laboratory
analyses and pilot tests. The objective was to prepare such
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mixtures of materials which could be used in the deposition
on the ground surface or could be certified as materials
suitable for technical land reclamation.

The following waste mixtures were prepared: Prestab +
fly ash, Prestab + fly ash + slag, slag + Prestab, fly ash +
slag, Prestab + fly ash stabilisate. In total, in the laboratory
41 samples of different mixtures of the above mentioned
waste types were prepared. Gradually, all the proportions
were mixed using a CAT M318 machine. After mixing, the
individual figures of the inert material of about 1.5 m were
formed. Such prepared, mixed volumes underwent a travel
compaction experiment using a CAT D6H dozer.

Pilot tests helped to recommend a mixture of the slag
and Prestab in the proportion 1.5 : 1 and a mixture of
Prestab + fly ash stabilisate in the proportion 1 : 1.5. Using
the proportions in question, the mixtures appear as no
problem both in terms of handling as well as suitability for
deposition on the ground surface within remediation and
land reclamation work.

On the grounds of the laboratory analyses, only
the mixture of Prestab and fly ash stabilisate can be
recommended as it complied with the top admissible
harmful substance concentrations in the waste solids in
accordance with Appendix No. 10 to Decree No. 294/2005
Coll. Only in that case it is possible to consider certification
of the mixture as a filling material for the land reclamation.
Receiving a certificate should contribute to a simplification
of the preparatory phase of ground shaping and remediation
constructions.
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Abstract

Magnesite is a valuable material with the broad utilization mainly as the refractory and
basic substance. During the mining, beneficiation and thermal treatment of magnesite the
large amounts of its fines are lost despite of its high grade quality. This fact is caused by the
impossibility of fines upgrading using a heavy media washing. Moreover, thermal treatment of the
fines in rotary furnace is also controversial. Magnesite and/or periclase fines are formed during
the sintering in the rotary and shaft furnaces and they are usually collected from the flue dusts
using special filters.

The paper is focused on an enhancement of the magnesite fines recovery from preparation
and beneficiation lines as well as from the thermal treatment of coarse magnesite where the
flue dusts are formed. Thus, firstly, the sources of magnesite fines are identified according to
processing plant flowsheet. Secondly, the possibilities of their upgrading are presented. The
structure and properties of magnesite fines, economic and environmental aspects of their use
and new concepts of thermal plant are considered. Proposed concepts are based on reducing
the amount of the dust waste and designing the new technologies, which enable effective
thermal treatment of these materials and thus a full-value application of these technologies. New

development was aimed at an improvement of the magnesite fines thermal treatment.

Key words: magnesite fines, new concept of thermal treatment

Introduction

Magnesite industry produces the basic refractory
materials necessary in the metallurgical and cement
industries. Chemically pure magnesite contains 47.8 %
MgO and 52.2 % CO,. The principal harmful components
are represented by CaO, SiO,, Fe,O3, which unfavourably
influence its quality from the technological point of view,
because only the magnesia (MgO) is a utility component.
These impurities often occur in the magnesite deposit as
accompanying minerals, namely the dolomite, calcite and
quartz. Magnesite from the JelSava deposit is typical by the
higher iron content due to the isomorphous replacement of
magnesium by iron in its lattice. This ferroan magnesite is
called breunnerite — (Mgg g0 7F€0.1-0.3)CO3 (up to 9 % FeO)
and it is a member of magnesite — siderite isomorphous
series (Salat and Oné&akova, 1966). The magnesite in
JelSava deposit is accompanied above all by dolomite.

Owing to the high losses of the utility component
in wastes during beneficiation and calcination a new
technique is proposed. Universal technology of magnesite
fines recovering is as follows: gaining, beneficiation,
dressing, calcinations, calcinate upgrading, calcinate final
treatment (Staror and Tomsu, 1992).
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Magnesite fines recovering

Magnesite fines can be recovered from wastes of
beneficiation plant and from the flue dust of the shaft and
rotary furnaces (Fig. 1). Raw magnesite upgrading in the
heavy media suspensions is aimed at an obtaining of
suitable qualitative parameters of the feed to thermal units.
Contents of impurities in the magnesite fractions bellow
40 mm as a dependence on the grain size are given in
Tab. 1 (Anonymous, 1998). Only the fractions above
0.2 mm are subjected to washing in the heavy suspensions.
Subsequently, upgraded material with the grain size above
1 mm is fed to rotary furnaces. As it can be seen in the
flowsheet in Fig. 1 a significant amount of fines is removed
from the technological process. These fractions have
a very high potential for increasing the usability of mined
out raw material.

Thermal treatment of magnesite fines

The magnesite flue dust forms during the calcination
and sintering in the shaft and rotary furnaces. Raw
magnesite with the grain size of 40 — 200 mm is sintering
in the shaft furnaces. Rotary furnaces are working on the
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counter-flow heating system. Cap of the furnace on the
clinker output forms hot bulb in which is situated the burner
into which the fuel and primary combustion air is supplied.
Material movement in the rotary furnaces is provided by
its rotation. Thermal processing of magnesite includes the
following steps: preheating, decarbonization, sintering and
cooling. Firstly, the drying (removing of presented H,0)
and preheating of the feed is performed. Subsequently, the
decomposition of magnesite (decarbonization) starts at
the temperature 399 °C according to equation:
MgCO; = MgO + CO,

The decomposition of CaCOj; begins at the temperature
600 °C. During decomposition the mass loss of the feed
attains approximately 50 % (CO,). The product is a high-
-cavernous caustic magnesite with the porosity above
45 %. It does not have qualities of the refractory material
and that is why the temperature must be increased so the
sintering process occurs. To obtain dense sintered product,
the temperature should be above 1 600 °C. Fine fractions
are formed in the calcinations stage by decrepitation.

Exploitability of co-products originated
after the heat treatment

Basic property of the breunnerite is the high break down
of its grains through the decarbonization process called
decrepitation. Owing to the contra current working mode
of the shaft and rotary furnaces a large amount of the flue
dust is typical. Their granulometry and chemistry depends
on parameters of the thermal treatment. By calcination at
1 000 °C caustically calcinated magnesite is obtained. Such
clinker has a high reactivity and its surface area attains
tenths m?/g. Decrepitation of crystalline types of magnesite
through the calcination process is acceptable effect.

Storage 100%
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0.40mm ¥ ¥ 40-150 mm

Washing Shaft firnaces I
0-0,2 mm W 0,2-40 mm i R

Y
| Desludgers lf'%l I Heavy suspension plant ] [Frodur.r] I Ouzlets 22,6% ]

- ) — -
{ l 140 mm
‘ Backsill 15% ] Retary furnaces I
¥ v

0,2.1mm

Fig. 1. Sources of fine granular magnesite fractions.

Accompanying minerals are practically undecomposed up
to 900 °C and for this reason they can be separated by
screening. Especially the fractions below 1mm, which are
rich in MgO may be simply obtained and in such way can
contribute to increased utilization of the raw material.

The calcination of breunnerite at temperatures above
750 °C results in the magnesioferrite formation as
a substantial part of the calcinated material. Thus, a part of
the calcinated material becomes ferromagnetic and can be
magnetically separated. Calcination has to be controlled
in conditions suitable for the magnesioferrite creation
with sufficiently long time for its formation. The magnetic
separation of calcinated material is usually carried out at
a magnetic field induction of 0.1 — 0.2 T. The separation
efficiency depends on CaO content, i.e. on dolomite content
in the feed. Naturally, the separation sharpness can be
unfavourably influenced by the intergrowth of magnesite
and dolomite. Generally, described technique enables iron
removing from the magnesia and in such way to obtain
valuable product.

Improvement of thermal approaches

The economic recovery of the valuable minerals
using the thermal treatment is influenced by the energy
consumption and costs, which cover a pollution control
(Repisky, 1997).

Present technologies

Shaft and rotary furnaces produce the dust in an
amount of 15 — 20 % and 30 — 35 % of the fed material,
respectively. For this reason theirimprovement was focused
on the decreasing of the dust creation. Basic solution is
to increase the furnace thermal efficiency. In the case of
the shaft furnaces it was achieved by rearranging of the
combustion system. The homogenization of the sintering
temperature through the furnace cross section can result
in the decreasing of the dust formation by 25 %.

So in the case of rotary furnaces the complex
rearrangement results in 40 % reduction of the dust
formation. For instance the flue dust amount was decreased
by 25 % only by the increasing of material layer thickness.
Despite of very favourable chemical composition of the flue
dust its high value of loss on ignition makes the waste from
it. It is caused by the contra current process, i.e. formed
dust can not by separated and it is subsequently mixed
with not fully calcinated dust from previous sections.

Tab. 1
Contents of impurities in magnesite fractions bellow 40 mm

Fraction Content (%) Lost on ignition
(mm) CaO Fe,0, SiO, AlL,Oy LOI (%)
0-0.2 5-75 45-6 20-7 1.5-3.0 47 - 49
02-1 3-5 3.6-4.0 0.3-2.0 0.1-0.3 48 - 50
1-5 8-12 35-3.8 0.3-0.8 02-0.3 48 - 50
5-10 10-16 34-37 0.5-15 04-0.38 48 - 50

10 -40 14 -20 3.0-35 05-12 0.3-0.6 48 - 50
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Fig. 5. Simulation of experimental microfluid furnance.

New thermal devices
Microfluid furnace

Microfluid furnace is based on hydromechanical fluidi-
zation principle (Fig. 2). Furnace consists of fluidization
chambers in the counter current arrangement (Fig. 3).
Material is fed from the upper part of the furnace and is
discharged at its lover part. Material is gradually dried,
heated, calcinated and cooled. Gas flow — cooling air is in
the upward direction. It enables independent fluidization
and material flow to the subsequent chambers. Furnace
process is executed as follows. Fine-grained material is fed
from the upper end of the furnace. It passes through the
drying zone, preheating zone, heating zone, burning zone
and cooling zone. Product discharge is at the lower end,
where cooling air is introduced. Heat generation is in one
or more combustion chambers (Kostial et al., 2007).

Experimental microfluid furnace (Fig. 4) has 9 fluidized
chambers, which are providing: drying, heating, calcination
and cooling of material. Burner is placed in the 7th chamber.
A verification of functionality and operational parameters
of furnaces were performed. Obtained results were used
for the calibration of mathematical model. The specific
capacity attained 652 kg of product per 1 m® of the furnace.
The specific gas consumption was of 127 m3/.

Full-scale microfluid furnace was designed using
the calibrated mathematical model (Fig. 5). The furnace
has vertically 11 chambers, a burner is placed in the 7th
chamber. Volume output of microfluid furnace is 1.88 mé/t.
For the comparison a volume output of the rotary furnace
is about 70 m?/t. Calibrated mathematical model is utilized
for the simulation and for design requirements (Mikula
et al., 2009).

High speed rotary furnace (HSRF)

The high speed rotary furnace performs thermal
treatment of the fine grain materials in the fluidized
layer created on the principle of mechanical fluidization.
Mechanical fluidization carries out through the centrifugal
and gravitational forces. Formation of fluidized layer
depends on material parameters, equipment and
conditions of fluidized process. Filling of the furnace space
with particles at different revolutions of furnace is illustrated
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Fig. 7. Material distribution through the furnance cross-section.

Fig. 9. The high revolutions pilot rotary furnance.

in Fig. 6. Active surface of the feed is determined from the
surface of the fluidized particles, which are allocated at
cross-section of the furnace (Fig. 7).

The major advantage of this unique technology of the
raw material thermal treatment is a formation of dispersed
layer, which allows a perfect contact of gaseous media
with the surface of processed material particles. Material
fluidization brings a significantly increase of the intensity in
the heat and mass transfer. For the calcination of magnesite
it is possible to reduce existing facility approximately
tenfold. The main advantage of proposed solution is that
ratio of the substances can be relatively in the large scale
(Kostial et al., 2007).

Experimental research was carried out in the pilot HSRF.
The working part of the furnace creates a cylinder with
diameter 600 mm and length 5 500 mm. Rotation speed of
furnace can be continuously changed by power drive in the
range of 0 — 60 rpm. The material is fed to the furnace by
the screw conveyor. Material is fluidized after entering the
furnace. At the output side of the furnace material is taken
away by the screw conveyor and on this side natural gas

Fig. 6. Material fillingrate by the mechanical fluidization.
a — low, b — optimal, ¢ — high-speed.
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Fig. 8. Scheme of the high revolutions rotary furnance.
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Fig. 10. Simulation of experimental device.

is supplied through the diffuse burner. Furnace is thermally
divided into the cooling area, combustion area, heating
area and pre-heating area. The high intensity of the heat
transfer due to the mechanical fluidization enables to
integrate all these operations into one facility (Fig. 8).

The pilot high speed rotary furnace is in Fig. 9. Based
on these experimental results mathematical model of the
furnace was calibrated. Using the mathematical model
simulation a full scale operating high speed rotary furnace
for the calcination of magnesite was designed (Fig. 10).
Internal diameter of the furnace is 1.3 m, length 8 m and
volume output is 10.9 m3/t (Mikula et al., 2009).

Conclusion

The paper presented the possibilities of utilization
enlargement of magnesite fractions 0 — 1 mm and the flue
dust particles from the thermal treatment of magnesite.
It also described a formation of the fine fractions and
possibilities of their processing, which are based on the
application of existing and new developed technologies.
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In the shaft furnaces it is possible to increase their
thermal efficiency. So, the achieved decreasing of the dust
formation was by 25 %. In the case of the rotary furnaces
the complex rearrangement results in 40 % reduction of
the dust formation. For the calcination of fine fractions new
types of thermal facilities — microfluid furnace a high-speed
rotary furnace were developed. Thermal treatment in these
furnaces is performed in fluidized layer. Accomplished
studies have confirmed, that these conceptually new
thermal units have very high efficiency during the treatment
of grainy and dusty material and they enable to perform
the calcination process on the border of technological
optimum. These proposed solutions are verified in the pilot
and full scale operating conditions.
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Abstract

Acid mine drainage (AMD) is a serious environmental
problem resulting from the extensive mining of sulphidic ore.
The exposure of pyrite and non-pyritic sulphidic minerals
to both oxygen and water results in the acidic and sulphate
rich wastewater. The old mines at Slovinky in the Western
Carpathians, Slovakia, demonstrate such situation. AMD
communities contain fewer prokaryotic lineages than many
other environments. AMD communities are characterized
by a very limited number of distinct species, probably due
to the small number of available metabolically beneficial
reactions. To prevent the formation or the migration of the
AMD from its source is generally considered to be the
preferable option, although this is not feasible in many
locations, and in such cases there is necessary to collect,
treat, and discharge mine water. There are various options
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available for the AMD remediating, which may be divided
into those that use either chemical or biological mechanisms
to neutralize AMD and to remove metals from the solution.
The roles of algae and fungi, the natural residents of
AMD and its attenuator are not emphasized adequately
in the mine water research. This review examines the role
of these microorganisms (bacteria, algae and fungi) and
documents their activities in the holistic form in the mine
water environment.
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Abstract

Synthetic magnetite (Fe;O,) was studied as a sorbent for the removal of arsenic from the
model aqueous solutions. The sorbent was prepared by the co-precipitation of Fe(ll) and Fe(lll)
under alkaline conditions. The effect of pH, initial arsenic concentration and a the contact time
of magnetite and arsenic were investigated in the batch adsorption-equilibrium experiments.
Maximum sorption capacity of magnetite obtained at pH 3.5 was 46.7 mg/g. Desorption
of arsenic loaded on magnetite was studied under various experimental conditions.

Key words: arsenic, iron oxide, magnetite, sorption, desorption

Introduction

Arsenic is an ubiquitous element. Due to its toxicity
it is considered as a high-priority pollutant. Arsenic
contamination of the water supplies has become one of the
major problems. Even small concentrations of arsenic in
the drinking water may have adverse health effects. Known
consequences include cancer, pigmentation changes,
hyperkeratosis, neurological disorders, cardiovascular
diseases and conjunctivitis (Mandal and Suzuki, 2002).
Therefore, the World Health Organization (WHO) recom-
mended to reduce the maximum contaminant level (MCL)
of arsenic in the drinking water to 10 pug/L from an earlier
value of 50 pug/L (WHO, 2004). In natural waters the
arsenic can be found in a wide range of concentrations
from less than 0.5 ug/L to more than 5 000 pg/L (Smedley
and Kinniburgh, 2002).

Arsenic occurs in =3, 0, +3 and +5 oxidation states.
In the water environment the most predominant forms are
trivalent arsenite As(lll) and pentavalent arsenate As(V).
Redox potential (Eh) and pH are the most important
factors controlling arsenic speciation. Generally, As(V) is
more prevalent in the surface waters while As(lll) occurs
in anaerobic ground waters (Vaclavikova et al., 2008).
Arsenic occurs in both organic and inorganic forms in
natural waters. Organic arsenic may be produced by
biological activity, mostly in the surface waters, but is rarely
quantitatively important. The inorganic forms of arsenic are
more toxic then its organic forms. Arsenic is more difficult
to be removed when it occurs in As(lll) form (Smedley and
Kinniburgh, 2002).

Arsenic can be removed by various treatment methods,
such as coagulation and flocculation, precipitation, ion
exchange, reverse osmosis, membrane and adsorption
technologies. Among them, coagulation/precipitation
followed by filtration is the most commonly used technique.
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lon exchange is effective in As(V) removal but may not be
suitable for As(lll) removal. The use of reverse osmosis
and the membrane technologies is quite expensive
compared to other methods (Pokhrel and Viraraghavan,
2007; Vaclavikova et al., 2008). Adsorption processes are
commonly applied and show a good efficiency to cost ratio
for arsenic removal. Sorbents based on iron compounds
are the most commonly used. Several iron (l11) oxides/oxy-
hydroxides, such as amorphous hydrous ferric oxide
(FEOOH), poorly crystalline hydrous oxide — ferrihydrite,
goethite (a-FeOOH) and akaganeite (B-FeOOH) are
promising sorbents for the removal of both As(V) and
As(lll) from aqueous solutions. Other commonly used
sorbents based on iron oxides/oxyhydroxides are e.g.
iron oxide-coated sand, granular ferric hydroxide, iron-
-coated cement, iron-coated alumina and the magnetically
modified zeolite. Most treatment methods discussed above
are more effective in removal of arsenic from the water
containing high initial arsenic concentrations (usually >100
mg/L). However, they fail to remove arsenic concentrations
below the new decreased limit (10 pg/L) (Mohan and
Pittman, 2007). Therefore, there is a tremendous demand
for the developing of inexpensive efficient methods for
the removal of arsenic species from the drinking water.
Sorption methods are still considered promising, in regard
to the cost/efficiency factor and new sorbents are being
developed with the aim of obtaining the new target limit
(Vaclavikova et al., 2008).

After the arsenic sorption there is a problem how to
deal with used sorbents. Generally, there are two main
options for dealing with arsenic waste materials:
Desorption and regeneration of materials
Solidification/stabilization followed by the disposal
of treated wastes.

Desorption can help to regenerate the adsorbent.
A successful desorption process must restore the adsorbent
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close to its initial properties for the effective reuse for
further arsenic removal. Desorption and regeneration is
a critical consideration and contributor to process costs
and metal(s) recovery in a concentrated form. Desorption
of arsenic from exhausted sorbent is usually achieved
using several eluents. Selection of the eluent depends on
the arsenic adsorption mechanism and the nature of the
adsorbent (Mohan and Pittman, 2007). The most commonly
used arsenic eluents are sodium hydroxide (Cumbal et al.,
2003; Guo and Chen, 2005; Kundu and Gupta, 2006) and
strong acids (Say et al., 2003).

Solidification/stabilization transforms potentially
hazardous liquid/solid wastes into the less hazardous
or non-hazardous solids before deposing these solids
in secure landfills. This solidified/stabilized waste must
strictly follow leachability regulatory requirements prior
to the disposal. According to USEPA, a waste is deemed
as hazardous material if the arsenic concentration in the
Toxicity Characteristic Leaching Procedure (TCLP) leachate
exceeds 5 mg/L (Leist et al., 2000; Mohan and Pittman,
2007). Several solidification/stabilization processes have
been studied to form satisfactory storable solids. These
included fixation with Portland cement (Akhter et al., 1990),
Portland cement and fly ash (Chu et al., 1991), Portland
cement and silicates (Leist et al., 2003), etc.

Materials and methods
Reagents

Analytical grade chemicals were used in all experiments.
Model solutions were prepared by the dissolving of
Na,HAsO, - 7H,0 (Fluka) in deionized water. The pH of
the solutions was adjusted with the suitable concentrations
of analytical grade NaOH and HNOx.

Preparation and characterization of sorbent

Synthetic magnetite was prepared by co-precipitation
of Fe(ll) and Fe(lll) in the presence of NH,OH. Surface
area and pore volume measurements (Gemini 2360,
Micrometrics Instruments Corporation, USA), zeta potential
measurements (ZetaPlus, Brookhaven Instruments, USA)
and magnetic properties measurements (KappaBridge
KLY-2, Geofyzika Brno, CZ) were used for materials
characterization. The characteristics of sorbent are given
in Table 1.

Sorption experiments

The sorption properties of synthetic magnetite were
tested under batch conditions. The effect of pH, initial
arsenic concentration and contact time of sorbent and

Tab. 1
The characteristics of synthetic magnetite

Surface area (m?/g) 125.7
Total pore volume (cm®/g) 0.212
PHpzc 6.5
Magnetic susceptibility (1076 Sl units) 702 778

arsenic solution were studied. The experiments were
performed at constant temperature 23 + 1 °C in a rotary
shaker set at 30 rpm and equilibrium time 24 hours. The
arsenic quantity in solutions was determined by AAS
(Varian 240 RS/240 Z, Australia) before and after the
sorption experiments. The amount of the arsenic sorbed
(mg) per unit mass of magnetite (g) q.q, Was calculated
using the Eq. (1)

=« (1)

where C, and C,, are initial and equilibrium arsenic
concentrations (mg/L), respectively and C; is the sorbent
concentration in solution (g/L).

Desorption experiments

Desorption experiments were carried out to study the
influence of eluent on to arsenic desorption from the solid
adsorption residues. The sorbent used for sorption of 100
mg/L of arsenic solution was separated from the solution
by centrifugation, washed gently using deionized water to
remove residual arsenic on the surface and dried. After
that, it was mixed with desorption agents: deionized water,
0.5 M NazPO,, 1 MKNO3, 1 MNaCl, 1 MMgSO,, 1 MHNO,
and 0.1, 0.5 and 1 M NaOH. The mixtures were shaken for
24 hours and the filtrates were analysed to determine the
arsenic concentration after desorption.

Results and discussion
Effect of pH on As(V) sorption

The pH of adsorption medium is the most important
factor influencing the sorption capacity of the sorbent. It is
related to the adsorption mechanism onto the adsorbent
surface and reflects the nature of physicochemical
interaction of the species in solution and the adsorptive
site of adsorbent (Aksu and Gdnen, 2004). The effect of pH
on the removal of As(V) within the range of 2 -9 is given in
Fig. 1. The initial arsenic concentration was 100 mg/L and
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Fig. 1. The effect of pH.



K. Stefusova et al.: Removal of arsenic using synthetic magnetite: Desorption study 357

the sorbent concentration was 2 g/L. The removal of As(V)
from the aqueous solution decreased with increasing pH
and the greatest arsenic uptake was observed at pH 2. The
equilibrium As(V) uptake was 40.4 mg/g at this pH value.
However, in this case, magnetite was dissolved and iron
was detected in filtrates. For this reason, pH 3.5 has been
chosen as optimum pH value for all sorption experiments.
At pH 3.5 no iron was found in the solution and equilibrium
As(V) uptake was 35.2 mg/g.

As mentioned before, pH plays an important role in
the solution chemistry. In acidic environment, where the
maximum As(V) removal was observed, the As(V) form
predominates as the single negatively charged H,AsO,~. In
this pH range the magnetite surface is positively charged.
So, the attractive electrostatic forces between the negatively
charged As(V) species and the positively charged magnetite
surface favour the sorption. The point of zero charge of the
sorbent was found at pH 6.5 (see Tab. 1). Above this pH
of magnetite surface is negatively charged and the double
negatively charged form of HAsO,2- predominates. The
electrostatic forces are repulsive but sorption still takes
place due to the existence of specific forces.

The effect of pH at As(V) sorption by the magnetite has
been studied by several authors, as well. Yean et al. (2005)
studied As(V) sorption by the magnetite nanoparticles (20
and 300 nm) and they also confirmed the pH dependence
of As(V) removal. The maximum sorption capacity of 20 nm
magnetite particles was 11.4 and 6.0 mg/g for pH values
4.8 and 8.0, respectively. The maximum sorption capacity
of 300 nm magnetite particles was 1.1 and 0.8 mg/g for pH
values 4.8 and 6.1, respectively. Chunming and Puls (2008)
tested samples of eight commercial available magnetites
for arsenic removal and confirmed the pH dependence of
As(V) sorption. The sorption of As(V) was more favourable
below pH 5.6 — 6.8. Decreasing of As(V) removal by the
natural magnetite with increasing pH was observed by
Giménez et al. (2007) as well.

Effect of initial As(V) concentration

The effect of initial arsenic concentration (20 —200 mg/L)
was studied with 2 g/L sorbent concentration, ambient
temperature and pH values 3.5, 5.0 and 7.0. Sorption
isotherms were fitted using the Freundlich model:

Goy = K,,Cj;” @)

where g, is amount sorbed per unit mass of sorbent
(mg/g) and C,, is the equilibrium concentration (mg/L).
Kr and 7/n are Freundlich constants related to adsorption
capacity (mg/g) and adsorption intensity, respectively; the
larger value of K¢ the greater adsorption capacity. The n
value is called heterogeneity factor and its value is in the
range from O to 1. The more heterogeneous surface, the
1/n value is closer to zero.

The maximum sorption capacity was 46.7, 37.3 and
27.0 mg/g for pH values 3.5, 5.0 and 7.0 respectively. As
it is expected, the K¢ value decreases with increasing pH.
The Kg value was 23.5, 13.4 and 8.9 for pH values 3.5,
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Fig. 2. The effect of various eluent agents on As(V) desorption.
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Fig. 5. Desorption efficiency of As(V) in three desorption cycles.

5.0 and 7.0 respectively. The 7/n values indicate favourable
adsorption of As(V) onto magnetite. Distribution coefficients
R? values show a good agreement of the model to the
experimental data (StefuSova, 2009).
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Effect of contact time of sorbent and As(V)

The kinetics of As(V) removal from the aqueous
solution was studied with an initial arsenic concentration of
100 mg/L, sorbent concentration 2 g/L and pH 3.5. Initially,
the uptake of As(V) was very fast within the first 1 h of
treatment and the adsorption equilibrium was obtained
after 5 h (Stefusova, 2009).

Desorption studies

Several eluents were used to study As(V) desorption
ability from magnetite. Fig. 2 shows that the desorption
efficiency varies with desorption agents.

The preliminary study has shown that the desorption
of As(V) in deionized water is strongly influenced by pH
of solution. The desorption efficiency was enhanced with
increasing pH and the maximum desorption was observed
at pH 9.0 (21.3 %). The effect of pH on As(V) desorption is
given in Fig. 3. Zhang et al. (2007) studied the effect of pH
on As(V) desorption from the ferric activated carbon and the
pH dependence of As(V) desorption was also confirmed.
The maximum desorption (97.3 %) was observed at pH
13 - 14.

Phosphates, sulphates, chlorides and nitrates are
the major co-existing anions influencing the arsenic
mobility in the waters (Mohan and Pitmann, 2007;
Henke, 2009). The desorption efficiency of KNO3, NaCl
and MgSO, was not significant (less than 1.5 %), while
the desorption with Naz;PO, was more effective (29.7 %).
The negligible effect of nitrates, chlorides and sulphates
on As(V) desorption from gibbsite and goethite was
confirmed by Ladeira and Ciminelli (2004) as well.
The desorption of As(V) from goethite in the presence
of phosphates and sulphates was studied by O Reilly
et al. (2001). The desorption efficiency of phosphates
was around 35 %, while the desorption efficiency of
sulphates was less than 2.5 %.

Desorption efficiency using 1 M HNO; was 25.2 %
but in this case magnetite was dissolved and iron was
determined in filtrate (402.7 mg/L). The most effective
desorption agent of As(V) from magnetite was NaOH.
Preliminary desorption study using NaOH (from 0.1
to 1 M) has shown that the effect of ionic strength of NaOH
is negligible and the desorption efficiency of As(V) from
magnetite is ranged between 58.4 and 63.1 %.

The reusability of the sorbent was tested in three
sorption-desorption cycles. Fig. 4 shows the sorption
capacity of the sorbent (initial As(V) concentration 100
mg/L). Fig. 5 shows the desorption efficiency of As(V)
from the As-magnetite matrix using 0.1 M NaOH. The
1st sorption cycle was obtained using the fresh sorbent.
The results have shown that there were only negligible
losses in the sorption capacities of magnetite. The
drop of removal efficiency of As(V) with the number of
cycles was 11 and 4 % in 2nd and 3rd sorption cycle,
respectively. On the other hand, the desorption efficiency
increases with the number of cycles by about 20 % after
2nd and 3rd cycle.

Conclusion

Low cost adsorbent based on synthetic magnetite
with good removal capacity of As(V) from the waters has
been developed. The maximum capacity of sorbent was
46.7 mg/g with initial As(V) concentration of 200 mg/L
and optimum pH 3.5. The adsorption process was fast
and equilibrium was obtained after 5 h. The desorption
study confirmed that the sodium hydroxide is the most
effective eluent of As(V) from the magnetite. The tested
sorbent was reused in three sorption-desorption cycles
with minimum changes on its sorption properties. Due to
its low cost, easy preparation and good removal efficiency,
synthetic magnetite seems to be a promising material for
the environmental applications.
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Abstract

The utilization of the fly ashes in Slovakia is lower than
in other countries and dumping of the fly ashes prevails.
The dumping changes chemical and phase composition
of the fly ashes and so it decreases possibilities for their
utilization. Fly ashes are mainly used in building industry,
where the content of loss on ignition (LOI) is limited due
to standards. Black coal fly ashes produced in Slovakia
have a high content of loss on ignition — more than 20 %
— so they straight utilization in the building industry is not
possible. The current possibility for their utilization is in

360

geopolymer synthesis. Products with 28-day compression
strength of 35.7 MPa and 180-day compression strength
of 55.0 MPa were obtained by the alkali activation of fly
ashes with 23.25 % LOI with 8 wt.% Na,O and their next
hardening in the temperature of 80 °C during 6 hours.
Products have a great frost-resistance and aggressive
environments resistance (NaCl and H,SO, solutions).

Rukopis doruceny 22. 6. 2010
Rukopis akceptovany red.radou 7. 9.2010
Revidovana verzia doruc¢ena 19. 10. 2010



Mineralia Slovaca, 42 (2010), 361 — 364
ISSN 0369-2086

Hydrometallurgical treatment of exhausted alkaline batteries

STEFANO UBALDINI', PIETRO FORNARI', VERONICA GIULIANO', ALENA LUPTAKOVA?Z,
IDA DE MICHELIS® and FRANCESCO FERELLA®

"Istituto di Geologia Ambientale e Geoingegneria — CNR, Roma, ltaly;
stefano.ubaldini@igag.cnr.it
2Institute of Geotechnics of Slovak Academy of Sciences, Kosice, Slovakia
3Dipartimento di Chimica, Ingegneria Chimica e Materiali, Universita degli Studi di L"Aquila,
L Aquila, Italy

Abstract

On a resource management level, batteries could be considered as a metal source of
the secondary origin, ore of secondary raw materials, because of their high content in useful
metals, such as zinc and manganese. Moreover, disposal of spent batteries constituted a serious
environmental problem in terms of the heavy metals content, when these devices are disposed
off in an inadequate way.

Main processes applied for the treatment of the batteries are based on pyrometallurgy,
involving the high energetic consumption and pollution, and on hydrometallurgy, which is less
expensive and lower energy demanding.

The experiments in the presented work were based on the technology well know in mineral
processing and metal dissolution by the hydrometallurgical processes for Mn-Zn recovery from
wastes, constituted by spent alkaline batteries.

The results have demonstrated the technical feasibility of the application of the mentioned
technologies; in fact, high recovery of manganese and zinc dissolved in the solution were

achieved (over 90 %).

Key words: hydrometallurgical processes, wastes, alkaline batteries, metals recover, Zn, Mn

Introduction

Disposal of spent batteries represents an increasing
environmental problem in terms of the heavy metals
content when these devices are disposed off in inadequate
way (Veglio et al., 2003).

On a resource management level, batteries could be
considered as a metal source of the secondary origin.
Valuable metals such as zinc and manganese can be
recovered. The use of recycled metals in battery production
instead of virgin metals has the positive environmental
impacts through the reduced energy use and reduced
pollution related to the mining of the virgin sources (Vatistas
et al., 2001).

The topic is reflected in the current European legislation
by the Council Directive 91/157/EEC on batteries and
accumulators containing dangerous substances (Ubaldini
et al., 2009). Many batteries and accumulators of the
alkaline and zinc-carbon types are still deposited on
landfills or incinerated, instead of being collected and
recycled (Beolchini et al., 2009).

The purpose of the proposal of 21 November 2003 for
a Directive of the European Parliament is to reduce the
quantity of spent batteries and accumulators and to set
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European targets for collection and recycling (Ubaldini
et al., 2008a).

The proposal applies to all batteries and accumulators,
unlike the current legislation (Directive 91/157/EEC). The
ultimate disposal of industrial and automotive batteries and
accumulators by incineration or landfilling is prohibited.
Once this directive is in force, Member States will have
more than five years for achieving a minimum average
collection target equivalent to 160 grams per inhabitant
per year for spent portable batteries and accumulators
(Ubaldini et al., 2008b).

Several processes for the recycling of batteries were
proposed, mainly in Europe, and the pyrometallurgical
processes are the most used (Ubaldini et al., 2000). As
for secondary raw material exploitation, in the literature
different processes for manganese and zinc recovery
from the exhausted cells have been reported (Vatistas et
al., 2001; De Michelis et al., 2007; Ubaldini et al., 2008a;
Ubaldini et al., 2008b; Ubaldini et al., 2009).

In this work, a complete flow-sheet for treatment
of spent batteries has been outlined, starting from
disassembling and physical separation of the component
of the spent batteries. The attention of the investigation
has been focused to the subsequent chemical dissolution
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of the metals, purification and recovery, carried out by the
hydrometallurgical processes.

Materials and methods
Characterization and physical process

The disassembly of the batteries was done with a cutting
mill model Retsch RM 2000. The size fraction less than
2.5 mm was sent to the part of the process devoted to the
recovery of components other than zinc and manganese,
while the size below is directly air separated. For the
separation of the magnetic materials, drum magnetic
separator model Sala was used at a field intensity
of about 0.2 T. The separation of the different specific
gravity materials was carried out in a dry vertical elutriator,
while Eriez eddy current magnetic separator was employed
for separation of non-ferrous metals. The size fraction
+2.5 mm was sent to the micronization step. In this phase
a hammer mill was used.

The alkaline Zn/MnQO, consists of Zn anode, MnO,
cathode, KOH electrolyte solution and separators. The

cathode includes manganese dioxide, carbon (graphite)
particles that enhance the conductivity of the cathode, and
a binder. The anode can be formed of a gel including zinc
particles. The separator (fibrous materials) is disposed
between the cathode and the anode. Other constituents of
the battery are an external plastic cover, steel needle and
cap, a plastic disc and paper separators.

Fig. 1 shows the characteristics of spent alkaline
batteries utilized and the powder composition, analysed at
the end of the physical process.

Basic sample for experimental texts has been analysed
by the X-ray diffraction (XRD), utilizing an automatic
diffractometer Bruker mod. D8 Advance. The results show
that the following main crystalline mineralogical species are
present, in order of decreasing abundance: zincite (ZnO),
quartz (SiO,), manganese oxide (Mn,Os), calcium manganese
oxide (Ca,Mn,0-), sylvite (KCI) and potassium oxide (KO,).

Quantitative chemical analysis was conducted by
Inductively Coupled Plasma Mass Spectrometry (ICP-MS),
using a Perkin-Elmer apparatus mod. Elan 6000. Results
have shown that powder was composed mainly by 45 %
MnO,, 15 % Zn, 5.9 % K, 0.61 % Ni and 0.7 % Fe.

(@) Plastic F(’)agp;r (b)
1.9% 9% Papers Anode
Metal ° 0.05% o
Plastics
0.07%
(c) (d) Cr
Anode Others 0-1% Cu
Papers 19.6% 0.1% 3.1%
4.1% i Zn
Anode Mn
Plastics
9.6% EEEmmmEELIERREEEsssT RS
Ni
n
(e) Anode collector
0,
Anode b L Cathode
collector
0.88%

Anode cap 0.060%

Separator-paper| 0.027%

Metal separator| 0.023%

Cellophane 0.022%

0.005%

others (plastic

sleeve, plastic
grommet,
insulator)

Fig. 1. Characteristics of spent alkaline batteries. (a) components and materials, (b) contribution of the components in the composition
of the ash, (c) contribution of the components to lower heating value, d) metal content. Other inclusions: As, Cd, Co, Hg, Pb, Sb, Si, Ti, V.

(e) Heavy metals in the components (Ubaldini et al., 2009).
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Hydrometallurgical process

Mixture of the cathode (manganese oxides) and the
anode (zinc oxides and electrolytic solution) materials in
form of the powder was extracted and treated, while the
potassium contained was dissolved (Ubaldini et al., 2008a;
Ubaldini et al., 2008b).

All the experimental tests shown in this paper were
carried out with the washed powder. Leaching tests were
conducted to evaluate the leaching behaviour of the
metals under the different conditions of solid/liquid ratio,
temperature, sulphuric acid concentration and oxalic acid
concentration, according to previous studies (De Michelis
et al., 2007), conducted by 2* Factorial design. For each
test the solution mixture was freshly prepared and washed
battery powder in 100 ml of H,SO, solution, by dissolving
the required amount of analytical grade oxalic acid (OA)
and adding washed battery powder in 100 ml of H,SO,
solution.

At the end of each test, pH was measured and the
mixtures were filtered to separate undissolved material
from solution, washed and put in the oven at 100 °C.
After 24 h solid residues were recovered and weighed to
evaluate the weight loss.

A leaching solution containing 30 g - dm™= Mn and of
70 g - dm=3 Zn, after precipitation and cementation phase
(data not reported here) has been utilized for electrowinning
tests (Ubaldini et al., 2008a, b; 2009).

A cylindrical glass laboratory cell of 200 cm? in volume
has been used. The cell was equipped by a thermostatic
water jacket connected with the thermostatic bath, magnetic
system for stirring and three electrodes: as cathode,
a platinum mesh; as an anode, a spiral of platinum wire;
as a reference, a saturated calomel electrode (SCE).

During MnO, deposition, the working electrode (W)
was the anode and the cathode was the counter electrode
(C). During Zn deposition, the W was the cathode, while
the anode was the C. In both processes, the reference
electrode was constituted by SCE, to permit an electrolytic
process at controlled potential.

The cell was connected to a potentiostat-galvanostat
(AMEL mod. 555B), equipped with an instrument system
for automatic control of the process parameters at the
constant potential conditions. By analysing the residual
solution with ICP-MS, the purity of the MnO, and Zn
deposition was monitored, while the deposit was analysed
by XRD.

Electrowinning experiments were carried out in
potentiostatic operations at constant anodic potential and
stirring conditions.

Results

Results of the leaching experiments, elaborated by the
analysis of the variance (ANOVA), demonstrate the high
efficiency of the studied process. In any case, 70 % of
manganese and 100 % of zinc were extracted after 5 h,
at 80 °C with a 20 % of pulp density, 1.8 M sulphuric acid
concentration and 59.4 g/L of OA.

Tab. 1
Main experimental levels of the parameters obtained
for MnO, recovery

Parameters Levels
Cathode Vs. SCE (V) 15-2.0
Cell voltage (V) -2.5/-3.3
Current intensity (mA) 1000 -1 800

pHi 0.5-0.6

Bath temperature (°C) 90 - 95
Electrolysis time (h) 6-8
Stirring conditions (rpm) 200 - 250

Tab. 2
Main experimental levels of the parameters obtained
for Zn recovery

Parameters Levels
Cathode Vs. SCE (V) -1.40/-1.5
Cell voltage (V) 35-3.9
Cell voltage (V) 1 300 - 1 600

pHi 2-3

Bath temperature (°C) 30-40
Electrolysis time (h) 6-8
Stirring conditions (rpm) 200 - 250

Tab. 3
Main results achieved by the hydrometallurgical process
(leaching-electrowinning tests)

Species Leachingy (%) Electrowinningy (%) mn (%) E (kWh/kg)
MnO, 95.05 94.35 43.00 4.63
Zn 98.10 95.50 67.43 5.59

y — extraction yield (leaching) and electrodeposition yield
(electrowinning)

1 — faradic current yield

E — energetic consumption
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Fig. 2. The main identified peaks of MnO, were as follows: 294,
167, 250 and 190 cps.
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At the end of the leaching process, a manganese and
zinc sulphate solution has been obtained (30 g - dm=2 Mn
and of 70 g - dm= Zn), together with the other dissolved
metals (Fe, Si, Cr, Al and other trace elements).

Tabs. 1 and 2 show the best experimental level of the
parameters obtained during Mn and Zn electrolysis.

Main results attained by the hydrometallurgical process
(leaching-electrowinning) have been reported in Tab. 3.

Such as demonstrated by the X-Ray Diffraction
Spectrum reported in Fig. 2, MnO, and Zn deposit at the
high degrees of purity was achieved (> 92 %).

Discussion

The removal of potassium permits the elimination of
the interference during electrowinning and the reduction of
consumption of sulphuric acid in the leaching step.

The experimental results of leaching stage showed that
the maximum extraction yields of zinc and manganese
cannot be reached simultaneously: in fact, the high OA
concentration required to dissolve manganese oxides
causes the precipitation of zinc oxalate.

If the manganese reduction is carried out after the zinc
leaching/electrowinning, manganese recovery was higher
(increasing from 70 to about 95 % MnO,). In this case,
after the Zn-electrodeposition, finalized to the Zn recovery,
the solution can been recirculated to the leaching stage to
added OA for Mn reduction.

Processing of the experimental data by ANOVA indicates
that for the Mn extraction yield, the most significant
combinations are three: oxalic acid concentration, that
has a strong positive effect on dissolution of insoluble Mn,
sulphuric acid concentration (positive) and the combination
of oxalic acid concentration with the temperature that has
a negative effect on the extraction yield (precipitation of
dissolved Mn as oxalate).

Also for the Zn extraction yield, the most significant
combinations are three: oxalic acid concentration,
which has a strong negative effect (precipitation of zinc
oxalate), combination of temperature with oxalic acid
concentration and, finally, the combination of acids with
pulp percentage.

Purification before electrowinning has been carried out
by the precipitation-cementation, with the aim to eliminate
other dissolved metals. Iron represents the major impurity
when Zn and MnO, are deposited in the electrowinning
step, so it has been precipitated by an alkaline reagent.

Conclusions
Results have demonstrated the technical feasibility

of the application of hydrometallurgical technologies for Zn
and Mn recovery from exhausted batteries.

A quantitative recovery of manganese (about 90 %
MnO,) and zinc (about 94 % Zn) has been achieved at the
end of the complete leaching-electrowinning circuit.
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Abstract

Bioleaching is an effective way of obtaining heavy metals from the waste containing heavy
metals. High yield of leaching process can be achieved by selecting appropriate parameters.
The goal of this work was the study of leaching conditions and their effects on the Ni recovery
from discarded Ni-Cd batteries. The experiments studied the impact of the quantity of the waste,
the impact of bacteria Acidithiobacillus ferrooxidans (AF) and the mixture of Acidithiobacillus
ferrooxidans and Acidithiobacillus thiooxidans (AT) bacteria, the impact of bacteria adaptation
and temperature on the yield of Ni. The amount of nickel in the solution has increased with
increasing temperature as well as by the use of adapted bacteria. The recovery achieved during
the experiment, being in the range 33 — 84 %, confirms the dependence of nickel amount in
solution at selected conditions. The highest yield was achieved under the following conditions:
ratio L : S = 100, temperature 30 °C and usage of the adapted mixture of bacteria.

Key words: bioleaching, recycling, Ni-Cd batteries, Acidithiobacillus ferrooxidans,

Acidithiobacillus thiooxidans

Introduction

Unprocessed discarded nickel-cadmium batteries
pose a danger to the environment, mainly due to the high
content of heavy metals. On the other hand, due to the
high content of these metals, they are a suitable source for
nickel and cadmium recovery. The content of these metals
in batteries in comparison with the content of Ni and Cd
in the primary raw material is much higher.

Nickel-cadmium battery is composed of three layers:
a cathode, anode and a steel container. Positive electrode
consists of nickel hydroxide, negative electrode consists of
cadmium. In the charged state:

¢ The active material of positive electrode consists of
nickel oxide-hydroxide — NiO(OH). During the discharging
process following reaction at the positive electrode takes
place:

2NiO(OH) + 2H,0 + 2e~ — 2Ni(OH), + 20H~ (1)

¢ Negative electrode is composed of cadmium — Cd.
During the discharging the following reaction takes place
on negative electrode:

Cd + 20H- — Cd(OH), + 2e- 2)

At charging process given reactions appear vice
versa.

Separator containing electrolyte separates both
electrodes. Alkaline aqueous solution of potassium
hydroxide (KOH) is commonly used as an electrolyte.

In the recent years, several technologies were
developed to process and to obtain usable materials from
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discarded Ni-Cd batteries (Bartolozzi et al., 1995; Freitas et
al., 2005; Rudnik et al., 2007). Among the newer methods
of heavy metals obtaining from used Ni-Cd batteries are
bioleaching processes. Bioleaching processes are less
expensive and as effective as traditional techniques of the
heavy metals obtaining. More species of microorganisms
have an ability to tolerate the presence of heavy metals
in solution (Nemati and Webb, 1997) and they have the
ability to dissolve heavy metals and transform them into
ionic form, e.g. bacteria Acidithiobacillus ferrooxidans,
Acidithiobacillus thiooxidans or bacteria of the genus
Acidiphilium (Ballester et al., 1992; Cabrera et al., 2005).

Leaching process and thus its yield can be influenced
by choosing appropriate parameters and conditions of
leaching. Several authors (Cerruti et al., 1998; Nogueira
et al., 2004; Zhu et al., 2003) examined the effect of
temperature, type of leaching medium and amount of
the waste (Nemati et al., 2000; Shen et al., 2001) on the
efficiency of the bioleaching process. By optimizing of
leaching conditions it is possible to increase the yield of
the process and reduce its cost.

Not only conditions of leaching process but also the
treating of the waste before leaching affect the yield of
heavy metals. Method of crushing or grinding affects the
granularity and morphology of particles that reflects in the
amount of metal in solution and in required time to achieve
maximum yield.

The aim of this paper was to analyse the influence of
selected parameters on Nileachability. The experiment was
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realized at different temperatures, two types of leaching
medium and different ratios of L : S (100, 40 and 20) were
used.

Experimental materials and methods

Grinded electrodes from discarded Ni-Cd batteries
were used for the leaching experiments and solution of
Acidithiobacillus ferrooxidans bacteria and the mixture
of Acidithiobacillus ferrooxidans and Acidithiobacillus
thiooxidans bacteria were used for bioleaching.

Electrode powder was manually separated from the rest
of the battery and crushed to grain below 40 um. Totally 19
to 20 g of powder was obtained from one battery. Powders
treated this way were used in the leaching experiments in
the amount 10, 25 and 50 g/I.

Leaching medium was prepared as follows:

¢ Adapted and non-adapted bacteria Acidithiobacillus
ferrooxidans — 180 ml 9K nutrient solution and 20 ml solution
of the bacteria were added into 9K nutrient solution,

e a mixture of adapted and non-adapted bacteria
Acidithiobacillus ferrooxidans and Acidithiobacillus
thiooxidans in quantity of 20 ml of bacteria mixture (10 ml

Fig. 1. Influence of adaptation and temperature

on Ni bioleaching by bacteria Acidithiobacillus
30 ferrooxidans (AF).

Fig. 2. Influence of adaptation and temperature

on Ni bioleaching by the mixture of bacteria
30 Acidithiobacillus ferrooxidans and bacteria
Acidithiobacillus thiooxidans (AF + AT).
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Fig. 4. Influence of L : S on nickel leaching by 30 °C.

AF + 10 ml AT) in 180 ml 9K nutrient solution was added
into 9K nutrient solution.

The experiment was carried out at 20 °C and 30 °C.2 g
of electrode powder were added into the prepared solutions
with adapted and non-adapted bacteria Acidithiobacillus
ferrooxidans and a mixture of bacteria. All leaching
experiments lasted 28 days and samples were taken at
the following intervals: 1, 3, 7, 10, 13, 21, 28 days. The nickel
content in the samples was estimated by AAS analysis.

Results and discussion

The average composition of the electrodes before
leaching, determined by AAS analysis is provided in Tab. 1.
Electrodes are mixture of nickel, cadmium and iron, the
contents of nickel was approximately 40 %, cadmium 17 %
and Fe 4.5 %.

The results of AAS analysis, Fig. 1, confirm that the
higher temperature and the adaptation of bacteria help to
increase the efficiency of the Ni leaching.

Assuming that all amount of Ni is leached into the
solution and according to Tab. 1, the maximum achievable
amount of nickel in the solution is 4.1 g/l (100 % of Ni
from battery). The amount of Ni 2.2 g/l in the solution has
been achieved after 28 days of leaching at temperature
30 °C and with using adapted bacteria Acidithiobacillus
ferrooxidans. This is 54 %. The lowest yields of Ni were
obtained at the temperature of 20 °C.

In the case of using the mixture of bacteria
Acidithiobacillus ferrooxidans and Acidithiobacillus
thiooxidans (AF and AT), Fig. 2, better results were
obtained using adapted bacteria and leaching at a higher
temperature (30 °C). In this experiment the amount of Ni

Tab. 1
Chemical analysis of spent Ni-Cd battery electrode
(average compound)

Ni (%) Cd (%) Fe (%)

411 16.7 4.5

—
W

—

367

© adapted AF 10 g/l
® adapted AF 50 g/l
x adapted AF 25 g/l

T T T T T

5 10 25 30

t (day)1 >

in leaching solution reached 3.5 g/l, it is 84 % of Ni leaching
efficiency.

Comparison of the leaching efficiency at the
temperature 30 °C in the adapted mixture of bacteria to
adapted bacteria Acidithiobacillus ferrooxidans only: The
analysis of results shows that using a mixture of bacteria
it is possible to achieve higher yields than in the case of
leaching in solution with adapted bacteria Acidithiobacillus
ferrooxidans only, Fig. 3. While by leaching in solution with
the bacteria Acidithiobacillus ferrooxidans was reached
only 54 % efficiency of Ni leaching, using the mixture of
bacterial allows to reach the leaching efficiency 84 %.

Comparison of the influence of the solid phase
amount on leaching of nickel at 30 °C to usage bacteria
Acidithiobacillus ferrooxidans is in Fig. 4. Comparing the
ratios L : S = 100 to 40, it is obvious that the amount
of Ni in solution is about the same ~55 % in both
cases. However, increasing the concentration of solid
components to 50 g/, L : S = 20 leads to sharp decrease
of leaching ability of solution. Under these conditions was
reached only 33 % leachability of nickel after 28 days of
leaching experiment. This confirms that the increase in
the quantity of toxic substances in the solution causes
a decrease of bacteria vitality that reflects in their ability
of leaching. Probably, increasing of the concentration
of the waste by the process of adaptation of bacteria
could lead to achievement of the higher amount of heavy
metals in solution. However, these assumptions need
further experimental verification.

Conclusions

Crushed electrode powder from the discarded Ni-Cd
batteries was leached at different temperatures, different
ratios L : S and in four different leaching medias:

¢ 9K solution with adapted bacteria Acidithiobacillus
ferrooxidans,

¢ OK solution with non-adapted bacteria Acidithiobacillus
ferrooxidans,

e 9K solution with a mixture of adapted bacteria
Acidithiobacillus ferrooxidans and Acidithiobacillus
thiooxidans,
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¢ 9K solution with a mixture of non-adapted bacteria
Acidithiobacillus ferrooxidans and Acidithiobacillus
thiooxidans.

The results of the experiments are as follows:

1. The yield of Ni in leaching solution increases with
increasing temperature;

2.The yield of Ni increases by using of adapted
bacteria;

3.The highest amount of Ni in the solution, 93 %,
was achieved using the mixture of adapted bacteria
Acidithiobacillus ferrooxidans and Acidithiobacillus
thiooxidans;

4.Reducing of L : S ratio, i.e. increasing the amount of
electrode powder in a solution, causes a decrease of Ni
dissolution, which implies that the concentration of toxic
substances in the solution may raise above the tolerance
limits of the bacteria.
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Abstract

Basic oxygen furnace (BOF) dust is a hazardous metallurgical waste generated in the
collection of particulate material during the steel making processes. The occurrence and
recovery of metallurgical wastes from the steelmaking and the iron making processes are
nowadays a great problem, mainly due to their big amount and environmental pollution by the
heavy metals potential. The aim of this work was to carry out a chemical, physical, structural,
and morphological characterization of these waste materials and subsequently to find out the
best suitable method for the hydrometallurgical treatment. Experimental work includes full plant
experiments. Extraction conditions like the effect of the microwave power, leaching agent, acid
concentration, S/L ratio and the extraction time of the zinc removal efficiency were evaluated. The
main goal is to set the best conditions for the transfer zinc into the solution while the iron should

remain in the solid phase.

Key words: basic oxygen furnace dust, extraction, microwave assisted leaching, zinc recovery

Introduction

The primary source of iron as a feed to iron and steel
facilities comes from the oxide ores containing minerals
such as hematite (Fe,O3) and magnetite (Fe;O,), which
usually carry a negligible amount of the non-ferrous metal
as an impurity. However, some scrap is always used as
a secondary source of iron and is usually carries zinc in
significant amounts. Scrap originates from a variety of
sources such asold cars, cans, bridges, rails and demolished
buildings and in most cases it is in galvanized form, which
accounts for the presence of zinc. Low vaporization
temperature of zinc causes it to accumulate in the furnace
off-gasses in the form of small dust particles. Regardless of
the source, build-up of zinc in the steel making processes
is not desirable due to its adverse effect on the process
performance and eventual quality of steel. Fig. 1 represents
the expanding tendency of the world steel production which
is evidently associated with the waste production. It is
estimated that each year, 5 — 7 million tones of the basic
oxygen furnace (BOF) sludge is generated worldwide.
A sludge stream is produced from the furnace dusts
carried away with off-gases that are directed to scrubbers
for cleaning prior to their release. This sludge is generally
disposed as landfill. Two concerns here are related to the
cost of landfill and the loss of iron units. Recovery of iron
at acceptable zinc grade is an attractive option as long as
it can be done economically. It was suggested that if the
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final zinc content of BOF sludge can be reduced to below
0.4 % (wt.), it can be directly recycled in the iron-making
or steel-making process (Smith et al., 2000).

At U.S.Steel KoSice, s.r.o., a steel factory in Slovakia,
after the removal by the wet scrubber, the fine dust
is allowed to settle in a pond, where it is stored until
a suitable processing technique is available. Leaching of
Zn may cause contamination of groundwater; moreover,
government regulations no longer tolerate longterm
storage of waste on industrial areas. Several possible
treatment processes for the recycling and recovery of
basic oxygen furnace dust are under investigation, e.g.,
pyrometallurgical processes (Asadi Zeydabadi et al., 1997;
Das et al., 2007). The construction of prototypes for these
processes is however very expensive, working costs are
high and only large quantities of the dust with a relatively
high Zn concentration can be processed economically.

The fine particle fraction of the BOF dust as obtained
at U.S.Steel Kosice, s.r.o., has Zn content about 9.3 %;
nevertheless the percentage of the zinc depends on
the charge. Hydrometallurgy is therefore, in our opinion,
a more suitable alternative, offering the advantage that it
can be used for wastes with a low Zn concentration. This
paper describes a hydrometallurgical process to remove
the Zn from dust in order to recycle the Fe and to recover
the Zn. First, the BOF dust was characterized: the total
composition was determined, and data from an extraction
procedure were obtained.
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Fig. 1. World steel production.

Materials and methods

A BOF dust sample from the Steelmaking Company
U.S.Steel KoSice, s.r.0., was used in this investigation. First,
the BOF dust was characterized: the total composition
was determined, and data from an extraction procedure
were obtained. The investigation was carried out by using
granulometric analysis, chemical analysis, scanning
electron microscopy (SEM) with EDX, X-ray diffraction
(XRD) and Mdssbauer spectroscopy to completely
characterize the BOF dust sample.

A 10 g sample of BOF dust was mixed with 10 ml
of deionized water. After 10 minute the sample was
filtered and the acidity was measured using a pH meter
(12.33). The granulometric analysis of BOF dust was
evaluated by the Helos/LA Sympatec (Germany). The
chemical characterization of BOF dust was focused in
the determination of majority elements as Fe, Zn and Ca.
The analysis was executed by using atomic absorption
spectroscopy Varian Spectr AA-30 (Australia).

Mineralogical composition of samples was determined
by XRD using a Philips PW1820 Automatic Powder
Diffractometer with Cu Ko, radiation. Powder samples were
measured on the range of 20 —80°26 with a scan step 0.05°
and fixed counting time of 2 s for each step. The pattern was
analysed by using the Powder Cell software and the PDF
database was used for the phase identification. Méssbauer
spectroscopy measurements were carried out with a 5’Co/Rh
y-ray source (Germany) at the room temperature. The
velocity scale was calibrated relative to 5’Fe in Rh. Recoil
spectral analysis software was used for the quantitative
evaluation of the Méssbauer spectra. Scanning electron
microscopy (SEM) with the energy-dispersive X-ray (EDX)
was executed to get additional knowledge of the BOF dust
particle structure, morphology and chemical composition.

Leaching studies to determine optimum operational
conditions such as efficiency, solid-liquid (S/L) ratio,
leaching reagents, reaction time, in the reactor with volume
of 300 ml were performed. In all experiment 10 — 20 g of
BOF dust sample were used depending on the S/L ratio.
Using conventional method, the samples were leached with
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Fig. 2. Schematic diagram of the microwave leaching system.
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Fig. 3. Particle size distributions of the BOF dust used.

Fig. 4. Scanning electron micrograph of BOF dust particles.

sulphuric acid at temperature between 30 °C and 80 °C.
The leaching reactor was dipped in a water bath and was
covered to keep an S/L ratio constant. Mechanical stirrer
with a constant stirring speed 350 rpm was used to mix the
sample with a leaching agent. In the case of microwave
assisted leaching a microwave oven Whirlpool AVM 434
with a power range from 90 to 650 W at frequency of 2.45
GHz was used. A schematic diagram of the microwave-
-leach system is presented on Fig. 2. About 5 ml solution
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was removed at convenient time intervals, filtered and
analysed for zinc by atomic absorption spectroscopy.
During the microwave leaching process a mechanical
stirrer was used to mix the BOF dust sample with a leaching
agent, with a stirring speed 350 rpm, however the leaching
reactions in higher power range were very violent and the
stirring was not required. After the acquired leaching time
the temperature of the solution was measured immediately
with a manual non-contact thermometer Raynger MX4.
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Fig. 5. EDX analysis of BOF dust sample.
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Fig. 7. Mssbauer spectrum of BOF dust.

In all the experiments, the zinc concentration and
dissolution percent was determined by AAS. The effects of
parameters on the zinc dissolution were studied. Results of
these experiments are described in the following sections.

Results and discussion

BOF dust is alkaline, in our case with a pH range 12.33.
The particle size distribution of the examined BOF dust is

Tab. 1
Chemical composition of BOF dust

Component  Fe C Si0, CaO MgO Zn Pb

(mass %) 49.87 097 0.87 750 268 937 0.24
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Fig. 8. Leaching diagram of the BOF dust.
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given in Fig. 3. It presents a heterogeneous distribution of
particle size and contains two major size fractions: a fine
grained portion (1 —10 um) and a coarser part (10 — 36 um).
As also known that the metals are more concentrated in the
fine fraction of the waste (Machado et al., 2006), but mesh
analysis was unsuccessful to separate fractions from the
sludge, which could contained markedly different amount
of zinc as the average composition.

It was found that 50 % of it was below 3.5 um, whereas
the majority (100 %) of the particles was below 36 um.
Scanning electron microscopy (SEM) with the energy-
-dispersive X-ray (EDX) was executed to get additional
knowledge of the BOF dust particle structure, morphology
and chemical composition. By the SEM observation
(Fig. 4), the dust shape could be approximately spherical
with some agglomerated parts. The SEM picture with EDX
spectra are shown in Figs. 4 and 5.

The chemical composition of BOF dust depends mainly
on the quality of steel scrap processed and the type of steel
was found. Tab. 1 presents the chemical composition of
the major elements of the BOF dust used. Beside iron and
zinc, the dust is characterized by the relatively high content
of calcium oxide, whose presence should be attributed to
the lime added to the steelmaking furnace.

The X-ray diffraction pattern of the BOF dust is shown
in Fig. 6. Four major phases were identified: franklinite,
magnetite, hematite and iron oxide. Zinc in the examined
BOF dust is in the forms of zinc oxide as zinc ferrite
(franklinite — ZnFe,0,), whereas iron is mainly in the form
of franklinite and magnetite (Fe;O,). Furthermore, iron,
hematite, calcite and zincite are also present as minor
constituents.

Iron ores are the source of iron oxide and magnetite
phases. The amount of zinc is depending on the ratio of
galvanized scrap utilized during the steelmaking process.
Calcite is originated from limestone which is additional
material added to the furnace.

Additionally, less crystalline oxides of Fe, Al, Zn, Pb,
and other metals could be present in this fraction. The
presence of Zn minerals, due to their low amount could
however hardly be detected. To confirm the Zn-Fe phase
the Méssbauer spectroscopy was used. The M&ssbauer
spectrum of BOF dust sample is displayed on Fig. 7.

As it was mentioned before, zinc in BOF dust is
present as ZnFe,O, (franklinite) and less amount in the
form of zinc oxide ZnO (zincite). Iron is present, except
of franklinite, mostly as magnetite, Fe;0,4. The ZnO does
not cause any problems to neither alkaline nor acid
leaching. However, zinc ferrite is considerably refractory
against leaching. Although alkaline leaching seems to
be advantageous (due to the low iron leaching) and it
requires relatively concentrated leaching medium (Kelebek
et al., 2004). On the other hand the acid leaching does
not need so concentrated solution as the alkaline one,
but iron is partially transferred into solution in this case.
However, choosing the sulphuric acid leaching route, the
highly reactive species of zinc are dissolved. After the
purification of the leach liquors, the metal from the leach
solution can be recovered by the different methods such
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as precipitation, crystallization, solvent extraction, ion
exchange, electrowinning etc.

The schematic diagram of the leaching process is
demonstrated in Fig. 8.

The reactions of the main species occurring in the
sample and their stoichiometry can be stated as follows
(Havlik et al., 2004):

ZNn0 + H,S0; (g = ZNSO, (o + Hz0 (1)
ZNnFe,0, + 4H,S0, (aq) = ZNSO; (aq) + FE2(SO,)3 + 4H,0 (2)

ZnFezo4 + HZSO4 (aq) — ZnSO4 (aq) + F6203 + Hzo (3)

In respect of the quantity of present important
substances in the BOF dust, the analysis was oriented
mainly on zinc extraction. Moreover, in one case the
comparison of zinc and iron extraction at chosen conditions
and possibility of their selective extraction was studied.
Results achieved from the kinetic study of leachability
of zinc into the solution. Effect of acid concentration and
temperature on zinc leachability by conventional heating is
shown in the Figs. 9 — 11. The results showed that the rates
of zinc dissolution are dependent on the acid concentration
and temperature. The percentage of the zinc extraction
increases with increased sulphuric acid concentration and
temperature up to 2M where 80 % of zinc was extracted
after 7 minutes at temperature 80 °C.

The leaching efficiency of zinc is dependent on the S/L
ratio. Fig. 12 shows the Zn extraction efficiency depending
on the S/L ratio. Decreasing the amount of the BOF
dust sample in the leaching reactor the Zn dissolution
percentage has increasing tendency.

The effect of the temperature and microwave energy
was studied using a modified domestic microwave oven
with power levels 90, 160, 350, 650 W. In this case the
temperature is dependent on the time of leaching period.
In every case of the microwave assisted extraction
process the temperature of the leaching solution in the
beginning was at room temperature. The results are shown
in Fig. 13.

The comparison between the conventional and
microwave assisted leaching of the zinc dissolution
percentage is shown in Fig. 14. We can conclude that
the dissolution rate of zinc is strongly dependent on
the temperature and in the case of microwave assisted
leaching on the microwave power.

The nature of the zinc species that is easily solubilized
by the acid leaching is not clear. It is speculated, however,
that it involves zinc oxide in a greater proportion in the
coarse fraction of the dust sample than zinc ferrite. Likewise,
the inability of the fines for the zinc leaching is probably
related to the presence of the zinc ferrite in much greater
proportion than the zinc oxide. For the verification purposes,
these points may require additional characterization work
for the sludge sample currently tested. Initial batch of the
dust samples indicates the presence of zinc oxide by XRD
technique only as a minority phase.
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Fig. 13. Zinc dissolution percentage as a function of microwave
power.
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Fig. 14. Comparison of zinc leaching curves between conventional
and microwave assisted leaching.

Conclusion

Recovery and separation of metals, especially zinc,
from BOF dust is a practical idea in steelmaking industries.
The fact that it is not possible to recycle this waste material
directly or to reject it as landfill, makes it necessary to
consider the proposed process used in this work, for
obtaining a non-hazardous residue, which can be stored
without problem or can be recycled. The characterization of
a solid metallurgical waste using many different techniques
increase the reliability in the results and also give more
conditions to decide about the best possible recycling
method.

Conventional and microwave assisted acid extractions
were adopted to evaluate the efficiency of the zinc removal
from the industrial dust. The percentage of the extraction of
zinc increased with the acid concentration and temperature
(microwave power). At higher temperatures, the dissolution
rates were faster and more zinc was dissolved. These
experimental results demonstrated that the most important
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factors in the acid extraction were the acid concentration
and temperature. In the case of temperature the particles
only react when they collide. When a substance is heated
particles gain more kinetic energy and collide more
frequently thus speeding the rate of reaction. Raising the
temperature of reactants will speed up a chemical reaction
since activation energy is achieved easily. The reaction is
highly exothermic due to the alkaline nature of the sample.
Harsher chemical conditions involving a higher dose of acid,
high temperatures and the use of an appropriate catalyst
would probably cause a dissolution of the greater amounts
of zinc. However, this will probably be at the expense of
the greater loss of iron units. Ability to recycle BOF dust is
economically and environmentally advantageous.
Microwave treatment of BOF dust resulted in very rapid
dissolution of the zinc phase. Leaching was completed
within minutes, while the conventional leaching process
needed much time and more electric energy in the heating
process. For the comparison in the case of conventional
leaching at temperature 80 °C the energy consumption
was 0.8 kWh in the case of microwave assisted leaching
at power level 350 W was 0.2 kWh. With the microwave
heating the zinc recoveries were 10 — 20 % higher than
those observed with conventional leaching. The effect of
power level was significant. At the higher power levels,
the dissolution rates were faster and more zinc was
dissolved. The higher dissolution rate and also the higher
zinc recoveries in the microwave leaching process could

be attributed to one or more factors: — superheating of the
liquid, — interaction of the microwaves with the BOF dust
particles in the solution.
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Abstract

According to the EU directives and the state law,
Poland as an EU member is obliged to the vast limitation
of the quantity of storage communal waste. The fulfilling
those obligations is available only on the way of scientific
research in searching new treatment methods which give
the products useful for another user and will be accepted
on economical aspect. For the disposal of mixed communal
wastes among the others, the installations for mechanical
and biological treatment can be taken into consideration for
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substances biodegradable and typical biological methods
for extracted biomass. The paper presents requirements
related to the treatment products and assessments
of possibility in the receiving of its suitable properties.
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Abstract

Heavy metal pollution has become one of the most
serious environmental problems today. The intensification of
industrial activity during recent years is greatly contributing
to the increase of heavy metals in the environmental,
mainly in the aquatic systems. Cadmium and lead are
heavy metals, which pose serious health hazards through
the entry into the food chain by anthropogenic pathways.

Biosorption, using biomaterials such as bacteria,
fungi, yeast and algae, is regarded as a cost-effective
biotechnology for the treatment of the high volume and
low concentration complex wastewaters containing heavy
metal(s) in order of 1 to 100 mg/L. Using immobilized
biosorbent as a column material the biosorption of the
heavy metals could be studied in the flow system under the
dynamical conditions. The immobilization of the biosorbent
by the biotic or synthetic polymer raised the mechanical
substance stability, as well as the size-distribution, porosity,
proof against the environmental effect of the biosorbent.
Immobilized fungal cells may be re-used, immobilization
reduces the cell wastes, minimizes the loss of product and
facilitates the product recovery, in particular when in situ
product removal is performed.

In the present study our aim was to optimize the
composition of Saccharomyces cerevisiae biomass
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immobilized in the calcium alginate matrix. The biosorbent
is brewery waste fungal cells. Decreasing the calcium
alginate concentration, the adsorption capacity increase
of Saccharomyces cerevisiae was obtained. The
maximum biosorption capacity of the fungal biomass in
the wastewaters, based on the dry weight, was determined
under pH controlled conditions by varying the following
experimental parameters: heavy metal concentration,
biomass dosage, pH, adsorption time and temperature.

Equilibrium and kinetic investigation of cadmium (Il) and
lead (Il) sorption in aqueous suspension were determined
varying the calcium alginate and biomass concentrations
in biosorbents using the batch technique.
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Medzinarodna konferencia Recyklacia odpadov ma
svoju histériu a vyvoj. Jej I. ro€nik sa konal v roku 1997
na péde Vysokej Skoly banskej v Ostrave z iniciativy jej
zakladatela a hlavného garanta, prof. Ing. Petra Fecka,
CSc., ktory bol v tom ¢ase zastupcom veduceho Institutu
environmentéalniho institutu. Na zaklade rozhodnutia
vedeckého vyboru sa tato — pévodne ¢eska — konferencia
v roku 2001 pretransformovala ha medzinarodnu s ustano-
venim, ze kazdy rok bude jedna z troch ucastnickych
stran poverena jej organizaciou. Garantom konferencie
sa za polsku stranu stal pan prof. Ing. A. Jarosinski

The history of the series of International conferences
Waste recycling started in 1997, when the first conference,
owing to the initiative of its founder and the main guarantee
Prof. Dipl. Eng. Petra Fecka, PhD., being that time the deputy of
the head of the Environmental Institute of the VSB — Technical
University of Ostrava, was held in this university. In 2001, based
on the decision of the conference’s scientific committee, the
originally Czech conference obtained an international extent
and each year the logistics has started to be provided by one
of three participating countries. Prof. Dipl. Eng. A. Jarosinski
from the Politechnika Krakowska became the Polish guarantee
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z Politechniky Krakowskej a za slovensku stranu doc.
Ing. Maria Kunierovd, PhD., z Ustavu geotechniky SAV
v KoSiciach.

V dnoch 2. — 3. 12. 2010 sa v KoSiciach uskutoéni
XIV. roénik konferencie Recyklacia odpadov. Bude to uz
po tretikrat, o metropola vychodného Slovenska privita
odbornikov z oblasti upravy a spracovania odpadov.
Po prvykrat sa konferencie zucastnia aj kolegovia
z Madarska a je predpoklad, ze v buducnosti aj oni rozSiria
medzinarodny organizaény tim na kompletny ,viSegradsky"

Ulohy organizétora tohtoroénej XIV. konferencie sa
zhostil tim vedeckych pracovnikov z Ustavu geotechniky
SAV v KoSiciach v zlozeni: Ing. Maria Prad¢akova, PhD., Ing.
Slavomir Hredzak, PhD., Ing. Alena Luptakova, PhD., Ing.
Olga Sestinova, Ing. Jana Jenéarova, Ing. Lucia Ivani¢ova,
PhD., RNDr. Eva Macingova, Katarina Stuchla a Helena
Vaskova pod vedenim doc. Ing. Marie Ku$nierovej, PhD.,
ako garantky konferencie:

Vedecky vybor konferencie pracoval v zloZeni:

prof. Ing. P. Feko, CSc., VSB — TU, Ostrava, Ceska
republika

doc. RNDr. Peter Andras, CSc., GU SAV, Slovensko

doc. Ing. Vladimir Cablik, PhD., VSB — TU, Ostrava, Ceska
republika

Ing. Slavomir Hredzak, PhD., UGt SAV, Kosice,
Slovensko

prof. Inz. Jaroslav Jarosinski, PK, Krakow, Polsko

host. prof. Ing. Vitazoslav Krupa, DrSc., UGt SAV, Kosice,
Slovensko

Ing. Zoltan Németh, PhD., Mineralia Slovaca, Slovensko

Ing. Ondfej Prochazka, CSc., Waste forum, Ceska
republika

Ing. Miroslav Mracko, Odpady, Slovensko

prof. Inz. Barbara Tora, PhD., AGH, Krakow, Polsko

Konferencie sa v tomto roku zucastni 105 ucastnikov.
Odprezentovanych 64 odbornych ¢lankov bude publikovanych
podla zamerania v recenzovanych odbornych ¢asopisoch
Mineralia Slovaca, Waste forum a Odpady, ktoré su zaroven
medialnymi partnermi konferencie.

Konferenciu Recyklacia odpadov/Waste recycling XIV.
podporili reklamni partneri:

SLOVENSKE
ELEKTRARNE

e ANALAS

¢ SLOVAKIA

IKOSIT

Magistrat mesta KoSice

I A

of the conference and Assist. prof. Dipl. Eng. Maria KuSnierova,
PhD., from the Institute of Geotechnics of the Slovak
Academy of Sciences in KoSice, the Slovak guarantee.

On 2. - 3. 12. 2010 the XIV. International Conference will be
held in Kosice. In total it will represent third meeting of experts from
the area of dressing and elaboration of the waste, being held in the
metropolis of Eastern Slovakia. For the first time the conference
will be attended by the colleagues from Hungary and there is an
expectation that Hungary will enlarge the territorial extent of the
conferences’s series for the complete “Visegrad” area in the future.

This year’s XIV. International Conference was organized by
the team of scientific workers from the Institute of Geotechnics
of the Slovak Academy of Sciences in KoSice: Dipl. Eng. Maria
Pras¢akova, PhD., Dipl. Eng. Slavomir Hredzak, PhD., Dipl. Eng.
Alena Luptakova, PhD., Dipl. Eng. Olga Sestinova, Dipl. Eng. Jana
Jenc¢arova, Dipl. Eng. Lucia Ivani¢ova, PhD., RNDr. Eva Macingova,
Katarina Stuchla and Helena Vaskova led by the guarantee of the
conference Assist. prof. Dipl. Eng. Maria Ku$nierova, PhD.

Scientific committee of the conference:

Prof. Dipl. Eng. P. Fec¢ko, PhD., VSB - TU, Ostrava, Czech
Republic

Assist. prof. Dr. Peter Andras, PhD., GU SAV, Slovakia

Assist. prof. Dipl. Eng. Vladimir Cablik, PhD., VSB — TU,
Ostrava, Czech Republic

Dipl. Eng. Slavomir Hredzak, PhD., UGt SAV, Kosice,
Slovakia

Prof. Dipl. Eng. Jaroslav Jarosinski, PK, Krakow, Poland

Visit. prof. Dipl. Eng. Vitazoslav Krupa, DrSc., UGt SAV,
KoSice, Slovakia

Dipl. Eng. Zoltdn Németh, PhD., Mineralia Slovaca, Slovakia

Dipl. Eng. Ondfej Prochazka, PhD., Waste forum, Czech
Republic

Dipl. Eng. Miroslav Mracko, Odpady, Slovakia

Prof. Dipl. Eng. Barbara Tora, PhD., AGH Krakow, Poland

This year 105 participants attended the conference.
Altogether 64 scientific papers are published, being divided
by their scope into three reviewed scientific journals: Mineralia
Slovaca, Waste forum and Odpady (Waste), representing
simultaneously the medial partners of the conference.

The conference Waste recycling XIV. is supported by the
following partners:

HORNONITRIANSKE BANE # Ludovika
PRIEVIDZA, a.s. Energy...

VIRON:
ENTRUM

Municipality of the town KoSice
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Abstract: The paper presents the history, evolution, the main scope and activities, as well as the recent headquarters of the Institute
of Geotechnics of the Slovak Academy of Sciences in KoSice, Slovakia. The Institute is divided into following departments: Dept. of Mineral
Biotechnologies, Dept. of Physical and Physical-Chemical Mineral Processing Methods, Dept. of Destruction and Construction Geotechnics,
Dept. of Environment and Hygiene in Mining, Dept. of Mechanochemistry, as well as the service departments of the Central Laboratory and
the Machine Service. The departments are equipped with the up-to-date laboratory and the pilot scale processing facilities. During the recent
10 years the Institute in national and international level solved 12 APVV/APVT projects, 1 project of the State Program of the Investigation and
Development, 2 state projects, 52 VEGA projects, 2 EU FP projects, 2 NATO projects, 1 COST project, 20 projects of bilateral and multilateral
cooperation, 1 project of the Centre of excellence of the Slovak Academy of Science as well as further projects focussed on practical
application and used by the public administration. The total number of solved projects reached 100. The main recent activity of the Institute
is its implementation as a research partner for the projects of the agency of the Ministry of Education, Science, Research and Sport of the Slovak

Republic for the Structural Funds of EU.
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Historia a vyvoj

Zaciatok zakladného vyskumu v banskych vedach v ramci
Slovenskej akadémie vied mozno datovat do obdobia jej vzniku
—rok 1953. Ako prva organiza¢nd jednotka v SAV pre bansky
vyskum bola v roku 1954 zriadena komisia pre banictvo,
neskor, v roku 1955, z nej bol rozhodnutim Predsednictva SAV,
zalozeny kabinet banictva SAV. V tomto obdobi mal kabinet
1 vedeckého pracovnika a 1 inziniera |. stupna.

Od 1.januara 1957 bol kabinet banictva SAV premenovany
na laboratérium banictva SAV, ktorého pracovisko bolo
11. aprila 1957 prestahované do KoSic, ¢im sa zacala pisat
koSicka histéria ustavu. Miestnosti pre pracovnikov laboratéria
poskytla Banicka fakulta Vysokej Skoly technickej v pavilénoch
nachadzajucich sa v Parku Komenského. Laboratérium malo
ku koncu roka 5 pracovnikov, 4 s vysokoskolskym a 1 so stredo-
Skolskym vzdelanim.

V rokoch 1959 — 1961 bola na Solovjevovej (teraz Watsonovej)
ulici realizovana vystavba budovy pre Laboratérium banictva
SAV a Laboratérium hutnickej technolégie SAV. Ked bola
budova v roku 1961 odovzdana do uzivania, malo Laboratérium
banictva SAV 25 zamestnancov. Diia 1. januara 1962 bolo
pracovisko premenované na Ustav banictva SAV a ten sa stal
samostatnou rozpoctovou jednotkou.

Pogas svojej existencie presiel Ustav dal$imi reorganizaciami
a koncepénymi zmenami, ktoré opét vyvolali nielen zmeny jeho
nazvu, ale aj zmeny v pocte pracovnikov. Napriklad v roku 1986
mal Banicky ustav SAV uz 64 kmenovych pracovnikov, z toho
bolo 21 vedeckych (6 DrSc., 15 CSc.), 7 vedecko-technickych,
8 odbornych s vysoko$kolskym vzdelanim, 23 odbornych
so stredoskolskym vzdelanim a 5 ostatnych pracovnikov.

V sti¢asnosti ma Ustav celkovo 66 kmefovych zamest-
nancov, z toho 41 vedeckych pracovnikov (3 DrSc., 38 CSc./PhD.,
a to 3 profesorov, 2 docentov, 3 veducich vedeckych pracov-
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nikov, 21 samostatnych vedeckych pracovnikov — kat. 2a,
17 vedeckych pracovnikov — kat. 2b), 3 odbornych pracovnikov
VS, 18 odbornych pracovnikov US, 4 ostatnych pracovnikov
a 8 doktorandov v dennej forme doktorandského Studia.
Smerné é&islo dané zriadovatelom je 54. Siesti pracovnici
sa uvazkovo podielaju na rieSeni projektov, traja su na dlho-
dobych stazach v zahraniéi. Priemerny vek pracovnikov Ustavu
je 45,05 roka (muzi 36,40; zeny 45,93).

22.11.1954 komisia pre banictvo SAV
15.10. 1955 kabinet banictva SAV

1.1.1957 laboratdrium banictva SAV

5.11.1962  Ustav banictva SAV

31.12. 1966 Ustav vlastnosti hornin SAV

1.1.1976 Banicky ustav SAV

1.5.1993 Ustav geotechniky SAV
Riaditelia
Ing. Eugen Stacha 1955 — 1958
JUDr. Ing. Karol Ugor, CSc. 1958 — 1965
RNDr. Jozef Kupka, DrSc. 1965 — 1967
akademik Tibor Kolbenheyer 1967 — 1969
Ing. Vincent Mihalik, CSc. 1969 — 1974
prof. Ing. Ludovit Kovani¢, DrSc. 1975 - 1987
prof. Ing. Félix Sekula, DrSc. 1987 — 1998
host. prof. Ing. Vitazoslav Krupa, PhD. odr. 1998

Zameranie

Ustav geotechniky Slovenskej akadémie vied je vedeckou
organizaciou s prispevkovou formou hospodarenia. V rdmci
organizaénej schémy SAV je Ustav geotechniky SAV zaradeny
do I. oddelenia vied o nezivej prirode, do skupiny Technické
vedy.

V ramci akreditacii Ustavov SAV v roku 2007 Ustav
geotechniky SAV obh4djil kategériu A. V zmysle platnych
predpisov vydalo Ministerstvo $kolstva SR pre Ustav
Osvedcenie o spésobilosti vykonavat vyskum a vyvoj.

Ustav geotechniky SAV je organizaéne rozdeleny do
5 vyskumnych oddeleni, dalej do 2 servisnych timov
a organizac¢no-technického utvaru, ktoré svojou ¢innostou
podporuju vyskum realizovany vo vedeckych oddeleniach.

Zakladny ucel a predmet €innosti je definovany v €lanku .
Zriadovacej listiny ¢. 468/G/12/2008 zo dria 28. 7. 2008:

1. Ustav svojim zameranim pdsobi v oblastiach: vedy
0 Zemi a environmentalne vedy, environmentalne inzinierstvo,
environmentalna biotechnoldgia a nanotechnoldgie. Vykonava
zakladny vyskum geologickych a geotechnickych aspektov
kontinualneho poru$ovania horninového masivu a skimania
stability podzemnych diel a objektov, transportu energie
a hmoty v procese dezintegracie horniny; zakladny vyskum
zékonitosti tvorby tuhych disperzii v mikro- a nanorozmeroch
a modifikacie ich vlastnosti fyzikalnymi, mechanickymi,
chemickymi, biotechnologickymi postupmi a postupmi
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nanotechnoldgii; zakladny vyskum interakcii faz v disperznych
sustavach a pri ich Sireni v pracovnom a zivotnom prostredi.

2. Ustav sa cielovo orientuje na vyuzitie teoretickych
poznatkov z uvedenych oblasti na rozpracovanie principov
Spickovych technoldgii v oblastiach: rozpojovania hornin,
komplexného spracovania nerastnych surovin, odpadov
a materialov mineralurgickymi a hutnickymi postupmi,
monitorovania vybranych zloziek zivotného a pracovného
prostredia a environmentalnych, chemickych a geologickych
zmien na skladkach odpadov s cielom ekologickej
revitalizacie.

3. Ustav poskytuje poradenské a expertizne sluzby, ktoré
sUvisia s jeho hlavnou ¢innostou.

4. Ustav uskutoéniuje doktorandské Stidium v zmysle
vSeobecne platnych pravnych predpisov.

5. Ustav zabezpeéuje publikdciu vysledkov vedecko-
vyskumnej ¢innosti prostrednictvom periodickej a neperio-
dickej tlace. Vydavanie periodickej a neperiodickej tlace
sa riadi uzneseniami Predsednictva SAV.

Aktivity Ustavu geotechniky SAV za poslednych 10 rokov
na narodnej a medzinarodnej urovni zahffaju rieSenie
12 projektov APVV/APVT, 1 Statneho programu vyskumu
a vyvoja, 2 Statnych objednavok, 52 projektov VEGA,
2 projektov ramcovych programov EU, 2 projektov NATO,
1 projektu COST, 20 projektov bilateralnej/MVTS spoluprace,
1 projekt Centra excelentnosti SAV a 7 projektov zmluvného
vyskumu pre prax a verejnu spravu — spolu 100 projektov.

NajdblezitejSou aktivitou v sucasnosti je zapojenie
sa Ustavu ako partnera do rieSenia projektov Agentry
Ministerstva Skolstva, vedy, vyskumu a Sportu SR pre
Strukturdlne fondy EU:

— Centrum excelentného vyskumu ziskavania a spraco-
vania zemskych zdrojov,

— Centrum excelentného vyskumu ziskavania a spraco-
vania zemskych zdrojov — 2. etapa,

— Centrum excelentnosti progresivnych materidlov s nano-
a submikrénovou Struktirou — nanoCEXmat,

— budovanie infrastruktury Centra excelentnosti pro-
gresivnych materialov s nano- a submikrénovou Strukturou
—nanoCEXmat Il,

— Slovenska vyskumno-inovac¢na platforma pre trvalo
udrzatelné surovinové zdroje,

— Centrum excelentnosti pre integrovany vyskum geosféry
Zeme,

— Ustavy SAV v Kosiciach — modernizacia infragtruktury
a vnutorného vybavenia ucebni pre lepSie podmienky
vzdelavania.

SUCASNE VEDENIE USTAVU
riaditel” host. prof. Ing. VitazosLav KrupA, DrSc.
Statutarny zastupca riaditela: ~ Ing. SLaAvomiR HREDZAK, PhD.



vedecky tajomnik:
predseda vedeckej
rady: Mgr. MARCELA AcHIMOVICOVA, PhD.

prof. RNDr. PETER BALAZ, DrSc.

Vedecké oddelenia Ustavu geotechniky SAV

Oddelenie mineralnych biotechnoldgii

Vzniku oddelenia predchadzal proces schvalenia nového
vyskumného smeru (biologicko-chemické metddy uUpravy
surovin), ktory bol zavi§eny v roku 1985 Dr. h. c., prof., Dr.
Ing. FrantiSkom épaldonom, DrSc., ¢lenom — koreSpondentom
SAV. Do roku 1992 bol vyskum v tomto smere realizovany
v oddeleni fyzikalno-chemickych metdd upravy. Samotné
oddelenie vzniklo organizaénymi zmenami v roku 1992 pod
vedenim doc. Ing. Marie Kusnierovej, PhD.. V sucasnosti sa
pracovnici oddelenia zaoberaju $tudiom v oblastiach:

e objasnenia procesov biologicko-chemickej oxidacie
a transforméacie sulfidov pre vyvoj environmentalnych
technolégii ich spracovania s vyuzitim autochténnych
a fyziologicky adaptovanych baktérii Acidithiobacillus
ferrooxidans a Acidithiobacillus thiooxidans. Objasnené
boli deje biologicko-chemickej oxidacie a transformacie
arzenopyritu, pyritu, antimonitu, tetraedritu, galenitu, sfaleritu
a chalkopyritu. Vyvinuta bola napriklad technoldgia biologicko-
-chemickej upravy a ziskavania Au z refraktornych Au-As-Sb-
-Fe rud z Pezinka a neextrakénej aplikacie mikroorganizmov
v procesoch selektivnej bioflotacie;

o zistovania faktorov ovplyvriujucich metabolické
funkcie a interakcie baktérii s mineralnym povrchom,
ktoré umoznuju korigovat rychlost a ucinnost bioluhovacich
procesov v extrakcii Fe ako hlavného neziaduceho prvku
nerudnych surovin (kaolinov, kremennych pieskov, Zivcov,
zeolitov a popoléekov);

e Studia Stadii biochemického zvetravania hornino-
tvornych mineréalov v oblasti rudnych a nerudnych lozisk,
identifikacie jednotlivych bakterialnych druhov metdédami
molekularnej techniky izolacie DNA;

¢ Studia paragenézy sekundarnych Zelezitych mineralov
(oxihydroxidov a hydroxysiranov) v kyslych banskych vodach
v procese zvetravania sulfidov;

 Studia sorpcie a ko-precipitacie kationov a oxyanionov
z banskych véd vo forme biogénnych Zelezitych mineralov;

e Studia metabolizmu a aplikacie siran redukujucich
baktérii v procesoch eliminacie tazkych kovov a siranov
z kyslych banskych véd, Upravy a spracovania nerastnych
surovin a ich odpadov a biologicko-chemickej pripravy
nanosorbentov na baze sulfidov;

e Studia biodiverzity autochtonnych acidofilnych
baktérii Acicdithiobacillus ferrooxidans, Acidithiobacillus
thiooxidans a Leptospirillum ferrooxians v podmienkach
opustenych a v dbsledku utimu zatapanych banskych diel,
ako aj starych banskych zatazi po tazbe sulfidickych rud
na Slovensku, z ktorych sa postupne vytvaraju prirodné
geobioreaktory, produkujuce pre zivotné prostredie vysoko
rizikové kyslé banské drenazne vody s pH okolo 2 s vysokou
mineralizaciou a obsahom tazkych a toxickych prvkov;

@@@@mﬁﬂz

* Studia biokorozie stavebnych materialov v spolupraci
so Stavebnou fakultou TU Kosice;

e Studia biodegradacie organickych polutantov,
predovSetkym ropnych uhlovodikov a polyaromatickych
uhlovodikov (PAH) v pédach a vodach. V spolupraci s firmou
Environcentrum, s. r. 0., bola vyvinutd metéda monitorovania
kinetiky biodegrada¢nych procesov ako v laboratériu, tak aj
v podmienkach in situ — v prostredi ekologickej havarie, alebo
v podmienkach ex-situ — na dekontaminac¢ne;j stanici;

* Studia vplyvu autochtonnej mikroflory na priebeh
exogénnych dejov v deponiach energetickych odpadov
— popolcekov a na premeny uholnej hmoty z pohladu zmien
jej sorp&nych vlastnosti;

e Studia biologicko-chemickej oxidacie hutnickych
odpadov s obsahom Fe s cielom pripravy Fe nanodisperzii
priemyselne vyuzitelnych ako sorbentov a pigmentov;

e pedagogickej €innosti v oblasti 2. a 3. stupna
vysokoSkolského Studia na Fakulte BERG, Hutnickej fakulte
a Stavebnej fakulte TU v Kosiciach a VSB v Ostrave (CR).

Oddelenie je sti¢astou (partnerom) Centra excelentnosti
pre integrovany vyskum geosféry Zeme, ITMS kod
26220120064. V ramci Centra sa podiela na rieSeni aktivity
3.3 Studium biogeochemickych procesov a environmentalnych
aspektov ochrany banickej krajiny. Buduje sa laboratérium
geomikrobioldgie s planovanym pristrojovym vybavenim: HPLC-
-MS, GC-MS, ICP-MS, TOC/TN, IC, fluorescenény mikroskop,
analyzatory Hg, analyzatory velkosti ¢astic a povrchu,
laboratérium molekulovej biolégie s RT-PCR, bioanalyzatorom
pre gélovu elektroforézu na Cipoch a dalSie.

Specifické vybavenie oddelenia

¢ bioreaktor pre aerébnu a anaerébnu kultivaciu baktérii
s analyzou plynov (O,, CO,)

¢ becton-Dickinson, Cockeysville, USA — mikrobiologicky
identifikacny systém pre druhovu identifikaciu bakterialnych
kultur izolovanych z environmentalnych matric

e PCR termocyklér, Techne, pre polymerazovu retazovu
reakciu (PCR)

» opticky mikroskop Nikon Eclipse 400 pre pozorovanie,
morfologicku identifikaciu a fotodokumentaciu skimanych
mikroorganizmov

¢ vysokoteplotna laboratorna pec VP 02/16 pre teplotné
spracovanie materialu do teploty 1 600 °C

e fluidny — tryskovy mlyn 100AGF s triedi¢om 50 ATP,
Alpine, pre pripravu ultrajemnych disperzii

¢ laboratdrne susiarne, steriliza¢né autoklavy a biologické
termostaty

e spektrofotometer Spektromom 195

* membranovy filtrator Fritsch

¢ vakuova rotaé¢na odparovacka

¢ odstredivka Hettich Zentrifugen Universal 320

¢ velkokapacitna trepacka

e 50 | temperovany reaktor pre biologicko-chemické
luhovanie suspenzii

e automaticky titrator TitraLab 850 v spojeni s PC-
-programom TitraMaster 85 pre Studium neutralizacnych
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kriviek AMD, precipitacnych reakcii, zmien pH a Eh v priebehu
experimentov

* interna zbierka acidofilnych mikroorganizmov
izolovanych z kyslych banskych vod

e interna zbierka baktérii druhov Bacillus

¢ interna zbierka sulfat-redukujucich baktérii

Veduci oddelenia:

MVDr. Daniel Kupka, PhD.
E-mail: dankup @saske.sk
Tel.: +421 55 7922624

Oddelenie fyzikalnych a fyzikalno-chemickych metéd
Upravy nerastnych surovin

Oddelenie vyvija nové principy fyzikalnych metdd
upravy nerastnych surovin na baze magnetickych,
magnetogravitacnych, gravitacnych, elektrickych a termickych
postupov. Skuma zakladné fyzikalne, fyzikalno-chemické
achemické vlastnostirid, nerudnych materialov a kovonosnych
odpadov metalurgického priemyslu.

Technické vybavenie oddelenia

* Celustové a valcové drvice

* nizkointenzitny magneticky rozdruzova¢ LAURILA

¢ valcové (keramické, kovové, resp. gulové a tycové)
mlyny, vibraé¢ny mlyn VM-1

¢ vysokointenzitné magnetické rozdruzovace: JONES,
VMR-1, MSB-300, MECHANOBR, WEDAG

e trepacCky TE Ill a laboratdrne sita s okatostou v rozsahu
5 pm —60 mm

* izodynamicky magneticky rozdruzova¢ FRANTZ-COOK

¢ poloprevadzkova hydrocyklénova stanica

¢ magnetohydrostaticky rozdruzova¢ FGS-1

* elektrostaticky rozdruzova¢ STURTEVANT, typ O. H.

e 3Specialne upravené mikrovinné pece

e pristroj na meranie magnetickej susceptibility —
Kappabridge KLY-2

Veduci oddelenia:

Ing. Slavomir Hredzak, PhD.
E-mail: hredzak @ saske.sk
Tel.: +421 55 7922602

Oddelenie destrukénej a konstrukénej geotechniky

Oddelenie riesi problémy monitorovania, optimalizacie a roz-
pojitelnosti hornin pri rotaénom vitani, rezani a plnoprofilovom
razeni v kontexte s fyzikdlno-mechanickymi a pevnostnymi
charakteristikami hornin, stabilitnymi problémami a naklado-
vostou rozpojovacich procesov.

Technické vybavenie oddelenia

e experimentalny stand pre rotaéné vftanie s nastrojmi
priemeru do 70 mm

Q0
VOC

e lis do 2000 kN

e SOMET zariadenie pre meranie opotrebovania diskov
a valivych dlat

e lis do 50 kN

¢ automatizované systémy monitorovania pre laboratdrne
experimentalne prace a pre podmienky in situ

Veddci oddelenia:

Ing. Milan Labas, PhD.
E-mail: labas @ saske.sk
Tel.: +421 55 7922648

Oddelenie zivotného prostredia a hygieny v banictve

V oblasti zakladného vyskumu sa oddelenie zaobera
Studiom banského aerosoélu. Poznava vlastnosti tuhej minerainej
fazy a na zaklade kvalitativnej a kvantitativnej mineralogickej
analyzy hodnoti riziko vplyvu banského aerosolu z aspektu
fibrogenity. Navrhuje vhodné spOsoby technickej prevencie pri
banskych pracach. Sleduje imisnu zataz prirodného prostredia,
odhaluje a hodnoti hlavnych znecistovatelov antropogénneho
pévodu pomocou sedimenta¢nej a aspiracnej metddy.

Technické vybavenie oddelenia

¢ dozimeter (Drager AG Lubeck Germany)

e TET MM6 2000

e pristroj TESTO 452

e analyzator TMA (Trace Mercury Analyzer)

e odberova aparatura s ¢erpadlom a rotametrom

e prachometer s prisluSenstvom

e odberové aparatiry a spektrofotometre Spekol
s vybavou

Veduci oddelenia:

Ing. Jozef Hanculak, PhD.
E-mail: hanculak @ saske.sk
Tel.: +421 55 7922609

Oddelenie mechanochémie

Cinnost oddelenia je zamerana na mechanochemicku
modifikaciu Struktdry a vlastnosti tuhych latok (jednoduchych
oxidov, nerozpustnych soli, zlozitych oxidov spinelového typu,
zliatin na baze Fe), poznavanie zakonitosti mechanochemicke;j
syntézy a na definiciu odliSnosti medzi mechanicky
predaktivovanymi a mechanicky syntetizovanymi tuhymi
latkami. Zaobera sa Studiom fyzikalno-chemickych principov
odsirovania na baze odsirovacich aditiv s vyuzitim vlastnych
surovin Slovenska a principov zusSlachtovania uhlia s cielom
jeho komplexnejSieho vyuzivania. Venuje sa aj extrakcii
uzitkovych kovov z rud, koncentratov a odpadov roznej
proveniencie. Vyvijaju sa tu nové postupy zhodnocovania
nerastnych surovin s vyuzitim principov mechanochemického
lihovania, mechanoredukcie a mechanosyntézy.



Technické vybavenie oddelenia

¢ vibra¢né sitovacie zariadenie Analysette 3

¢ vibracny mlyn

¢ laserovy granulometer HELOS s mokrou a suchou
dispergacénou jednotkou (0,9 — 170 pm)

* laserovy granulometer Nanophox — Sympatec — (10 nm
az 10 ym)

* dezintegrator UDA

e zariadenie COULTER COUNTER TA Il

¢ planetarny mlyn Pulverisette 4 FRITSCH s vybavou

e zariadenie GEMINI 2360 na meranie povrchu (BET)
a objemu pérov

e planetarny mlyn AGO-2 a AGO-5
RTG difraktometer D8 Advance BRUKER — AXS
HPLC — chromatograf
derivatograf C/PC MOM
Attritor LME 0,75 (Netzsch, Nemecko)
Attritor LME 4 (Netzsch, Nemecko)
skleneny autoklav

Veddci oddelenia:

Prof. RNDr. Peter Balaz, DrSc.
E-mail: balaz @ saske.sk

Tel.: +421 55 7922603

Servisné oddelenia Ustavu geotechniky SAV

Centralne laboratérium

Centrélne laboratérium analytickej chémie a fyzikalnych
metdd analyzy je zamerané na chemickl analyzu vzoriek
dodanych grantovymi kolektivmi, rieSitelmi vedecko-
-technickych projektov a obchodnych zmliv metdédami klasicke;j
chemickej analyzy a atomovou absorpénou spektroskopiou
(AAS). Podiela sa na rieSeni odbornych uloh a publika¢ne;j
¢innosti, spojenych s vyuzitim metéd analytickej chémie

Technické vybavenie oddelenia

e pristroj VARIAN AA240FS s prisluSenstvom: Zeeman
AAS240Z s programovatelnym davkova¢om vzorky PSD120
(Programmable Sample Dispenser), grafitova pec GTA120
(Graphite Tube Atomizer) a zariadenie pre vyvijanie par
VGA-77 (Vapor Generation Accessory)

Veduca oddelenia:
RNDr. Dana GeSperova

G ECTEE s

E-mail: gesper@saske.sk
Tel.: +421 55 7922617

Dielta

Pracovnici dielne vykonavaju odborné prace na kovo-
obrabacich strojoch (sustruh, bruska), podielaju sa na vyvoji
a konstrukcii technickych zariadeni i pristrojov a na ich
obnove. Podla potrieb vykonavaju beznu udrzbu laboratérnych
a inych zariadeni v Ustave. Podla vykresovej dokumentacie,
popisu postupu prac a na zaklade konzultacie s rieSitelmi
projektov realizuju individudlnu remeselnu kusovu vyrobu
a Upravy zariadeni pre vyskum podla poziadaviek riesitelov.

Technické vybavenie oddelenia

e sustruhy — SU |1 50, SU 32, MN 80
o frézy — FA 2U, HM 45
« stojanové vitadky — stipova velka — ¢ 50 mm, stipova
mald — ¢ 13 mm
¢ brusky — univerzalna nastrojova N1, stojanova TM 26R
mechanické pakové noznice
ohybacka plechu
zakruzovacka
elektricka zvaracka RTB-3
sUprava na zvaranie plynom
* strojova pila — dizka pilového listu 300 mm
e ruc¢né naradie

Veduci oddelenia:

Ing. Stefan Jakabsky, PhD.
E-mail: jakabsky @ saske.sk
Tel.: +421 55 7922630

Organizac¢no-technicky utvar

Utvar zabezpeduje pre vSetky vyskumno-rieSitelské
kolektivy a vedenie Ustavu ekonomicki a legislativnu
agendu, koreSpondenciu, materidlne zabezpecenie vyskumu
a prevadzky Ustavu. Podlieha tatutarnemu zastupcovi
riaditela.

Sekretariat:

Viktdria Juhasova

E-mail: ugtsekr @ saske.sk
Fax: +421 55 7922604
Tel.: +421 55 7922601
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LAUDATIO

IKronuka

Nestor slovenského upravnictva — The doyenne of the Slovak mineral processing

Pan Dr. h. c. prof. dr. Ing. FrantiSek Spaldon, DrSc., 90 roény

¢len — koreSpondent SAV

Corresponding Member of the Slovak Academy of Sciences celebrates 90th jubilee

Narodil sa 20. 7. 1920 v Cadci. Postupne absolvoval
stadia na Gymnaziu v Ziline a nasledne v rokoch 1937
az 1942 na CVUT v Prahe, neskér na Univerzite v Zahrebe
a na Univerzite v Lublane. Vysokoskolské Studia ukongil
s vybornym prospechom na Montanuniversitat v Leobene,
Rakusku, kde v roku 1943 Uspesne obhajil aj doktorsku
dizertaénu pracu v oblasti Upravnickych technoldgii.
V rokoch 1943 — 1952 pracoval v Handlovskych uholnych
baniach, najskor ako prevadzkovy inzinier, veduci zavodu
a neskoér ako hlavny inzinier bane v Novakoch, kde ziskal
mnozstvo praktickych skusenosti a poznatkov, a v roku 1951
sa stal externym docentom novovznikajucej Banickej fakulty
SVST v Bratislave. Tam zacal so systematickym budovanim
Katedry Upravnictva a ako jeden zo zakladatelov BF VST

inauguraénych, doktorandskych a inych odbornych prac,
ktoré boli zakladom pre dal$i vedecky rast mnohych
odbornikov v danej oblasti.

Je takmer nemozné presne vycislit pocet Studentov,
diplomantov, aspirantov, neskorsich docentov, profesorov
a doktorov vied, na vychove ktorych sa pan profesor
podielal a v Zivote ktorych zanechal hlboku stopu
vysokého odborného kreditu. Pan prof. Spaldon bol vzdy
aktivny, precizny, prisny pri vychove Studentov, ale ako
oponent, a to az doposial, je mimoriadne laskavy. Prefiho
bol vzdy na prvom mieste odborny rast a permanentny
zaujem o svetovy pokrok v obore Upravnictva. Tomu
napomahal do velkej miery aj jeho vysoky odborny kredit,
akceptovany nielen svetovou Upravnickou verejnostou, ale

s fou presiel v roku 1952, uz ako riadny zamestnanec, do
Kosic.V roku 1955 bol menovany zastupujucim profesorom
a nasledne v roku 1957 riadnym (najmlad$im) profesorom. V roku
1968, po obhajobe doktorskej dizertacnej prace, mu bol udeleny
vedecky titul doktora vied SAV. Vyznamnu ¢innost a velky prinos pana
profesora pre slovensku vedu v obore Upravnictva ocenila SAV v roku
1983 udelenim titulu élena — koreSpondenta SAV.

Za jeden z jeho najvacsich prinosov od roku 1951 moZno
oznacit vybudovanie Katedry Upravnictva na Banickej fakulte VST
v Kosiciach a s tym suvisiace zalozenie i systematické rozvijanie
Studijnych oborov: Uprava uzitkovych nerastov a neskér, v roku 1974,
aj medziodborového Studia ochrana zivotného prostredia v tazkom
priemysle. Pre uvedené Studijné obory spracoval aj zakladné uéebné
texty v podobe odbornych knih a skript, spociatku samostatne, potom
aj s odbornikmi, ktorych sam vychoval.

Treba uviest, Ze tato katedra bola po dlhé roky povazovana za
Spickovu v eurépskom meradle a podielala sa aj na vysokom kredite
absolventov Banickej fakulty VST v Kosiciach. Pocas svojej 32-roCnej
prace na Banickej fakulte VST v KosSiciach pdsobil aj vo vyznamnych
akademickych funkciach, a to: prodekan pre pedagogiku (1953 az
1957), prorektor VST (1958 — 1960), dekan (1960 — 1962, 1966 az
1969), rektor VST (1969 — 1972). ;

Vedecké aktivity poCas pdsobenia na Banickej fakulte VST
mozno zhrnut do Styroch oblasti, a to: vypracovanie matematickych
a grafickych metdd hodnotenia tG¢innosti rozdruZovania, spracovanie
mineralnych suspenzii z Gpravni, rozdruzovanie magnezitovych surovin
so zameranim na odstrafiovanie Zeleza a uUprava priemyselnych
odpadov.

Od roku 1984 pracoval na Banickom ustave SAV, kde svoju
vedecku ¢innost zameral a napokon aj uspesne zavrsil kreovanim
a schvalenim nového vyskumného smeru v oblasti Upravnictva —
biologicko-chemické metdédy upravy surovin — a vytvoril priestor pre
rozvoj novych progresivnych metéd v oblasti Upravnictva.

Pan profesor Spaldon pocas svojej praxe vypracoval a publikoval
sam, pripadne so spoluautormi, viac ako 150 odbornych ¢lankov,
vedeckovyskumnych $tudii a bol spoluautorom rady patentov.
Nemozno nespomenut — jeho rozsiahlu ¢innost ako oponenta rady
odbornych &tudii pre rézne komisie vlady, nehovoriac o nespo¢etnom
mnozstve posudkov diplomovych, kandidatskych habilitaénych,
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aj prestiznymi odbornymi pracoviskami, o ¢om svedcia
aj pocetné pozvania na pracovné a prednaskové pobyty
(USA, Belgicko, Brazilia, Bulharsko, Francuzsko, byvala Juhoslavia,
Kanada, Madarsko, Nemecko, Svédsko, Taliansko, Velka Britania)
a napokon aj ¢lenstva v medzinarodnych upravnickych komitétoch,
ktoré po dihé roky — od roku 1970 do roku 1988 — vykonaval. Tuto svoju
medzinarodnu ¢innost operativne vyuzival aj na transfer najnovsich
poznatkov do svojej pedagogickej ¢innosti, a preto ho pravom mozno
oznacit za nestora slovenského Upravnictva. V zmysle Komenského
definicie ucitela ako ¢loveka, ktory povzbudzuje ducha slobodného
premyslania a rozvija aj cit k osobnej zodpovednosti, ho my vsetci,
jeho Studenti a spolupracovnici, ktorych zivot obohatil, povazujeme
za nasho velkého uditela.

S uctou a prianim dobrého zdravia a dalSich prijemnych rokov
Zivota

Slovenska upravnicka obec, VaS$i ziaci, spolupracovnici
a priatelia

Maria KuSnierova

Vybrané aktivity jubilanta — Selected activities

Clenstva — Memberships

— &len — koredpondent SAV, CSAV,

— Vedecké kolégium vied o Zemi a vesmire,

— Rada statneho programu zakladného vyskumu 1.,

— Medzinarodny vedecky komitét pre pripravu medzinarodnych
kongresov o Uprave rud,

— predsednictvo komisii pre obhajoby kandidatskych dizertaénych
prac v odbore Upravnictvo,

— komisia pre obhajoby doktorskych dizertanych prac v odbore
banictvo,

— Vedecka rada Banickeho ustavu SAV v KoSiciach — predseda,

— Slovenska banicka spolo¢nost ZSVTS,

— Zvaz banskych inzinierov Juhoslavie.
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Ing. Stefan Jakabsky, PhD., Sest'desiatpiat’roény

Greetings to 65th jubilee

Narodil sa 19. augusta 1945 v obci Novy Salas,
okres Kosice-okolie. Vyrastal v Michalanoch. Po ukonéeni
Strednej priemyselnej Skoly stavebnej v KoSiciach v roku
1964 pokracoval v tudiu na Banickej fakulte Vysokej Skoly
technickej v KoSiciach v odbore upravnictvo. Studium
Uspesne ukondil v roku 1968 ako bansky inzinier.

Ako vynikajuceho Studenta si ho na pracu v Ustave
vlastnosti hornin SAV (neskér premenovany na Banicky
ustav SAV, v sucasnosti Ustav geotechniky SAV) vytypoval
byvaly riaditel Ustavu, Ing. Vincent Mihalik, CSc.

Svoju odbornu kariéru v Ustave zacal Studijnym
pobytom vo funkcii asistenta v roku 1968. Od roku 1970
pbsobil ako odborny asistent, neskér ako interny aspirant
(1973 — 1976) a samostatny odborny pracovnik (1976 az
1978). Na jeho vedeckom raste sa podielali dvaja Skolitelia,
Ing. Vincent Mihalik, CSc. a Ing. Stanislav Zatko, CSc.
Kandidatsku dizertacnu pracu obhajil v 1978 na Hornickom ustave
CSAV v Prahe. Nasledne mu bol v roku 1979 Banickou fakultou VST
v Kosiciach udeleny titul kandidat technickych vied (CSc.). Potom do
roku 1983 pracoval v postaveni vedeckého pracovnika. V tom istom
roku mu bol Slovenskou akadémiou vied priznany kvalifikacny stupen
Ila — samostatny vedecky pracovnik — a v roku 1987 sa stal vedicim
oddelenia Upravy Uzitkovych nerastov (v sucasnosti oddelenie
fyzikalnych a fyzikalnochemickych metod Upravy nerastnych surovin).

Od jeho prichodu do Ustavu je jeho vedecka a odborna
praca zamerana na teoretické aspekty a aplikaciu fyzikalnych
a fyzikalnochemickych metdd na Upravu uzitkovych nerastov. RieSil
problematiku magnetického rozdruzovania, elektroseparacie,
gravitatnej upravy a skusovania — aglomeracie a peletizacie
jemnozrnnych koncentratov.

Uz vo svojej dizertanej praci objasnil niektoré problémy
polygradientného magnetického rozdruzovania, ktoré boli neskor
vyuzité pri navrhu nového rozdruzovaca. Podielal sa na vyvoji
magnetického rozdruzovac¢a VMR-1, skidmal vplyv sprievodnych
hornin rudnianskeho loZiska na magnetické rozdruZovanie sideritovych
rud, realizoval vyskum magnetického rozdruzovania réznych druhov
praskového Zeleza, venoval sa vyskumu uplatnenia supravodivych
magnetov v procese Upravy nerastnych surovin.

V roku 1981 ako prvy v Ceskoslovensku pripravil feromagneticku
kvapalinu, naprojektoval magnetohydrostaticky rozdruzova¢ a polozil
tak zéklady nového smeru v Upravnictve — rozdruzovanie v magneticky
polarizovatelnych kvapalinach.

Neskor, v ramci spoluprace s vyrobnou sférou, ako zodpovedny
rieSitel uloh aplikovaného vyskumu Uspesne postupoval na objasneni
prechodu antiménu do prchavej fazy pri prazeni tetraedritovych
koncentratov, podielal sa na vyskume a poloprevadzkovom testovani
lthovania tetraedritovych koncentratov v alkalickom prostredi. DalSie
jeho vyskumné aktivity boli zamerané na optimalizaciu procesu mletia
keramickych surovin, kvalitu prazenia niznoslanskej rudy, optimalizaciu
magnetického rozdruzovania prazenca a uletov z rotaénych peci
v Niznej Slanej, odstranovanie popola a siry zo slovenskych hnedych
uhli v hydrocykléne a deferitizaciu karbonatovych a silikatovych
surovin.

Aktualne sa venuje aplikacii mikrovinnej energie na spracovanie
primarnych surovin, mineralnych medziproduktov a odpadov,
ako aj aplikacii nanocastic oxidov Zeleza v environmentalnych
technolégiach.

Vysledky svojich vedecko-vyskumnych aktivit publikoval s kolegami
v dvoch monografiach a v troch kapitolach monografii. Je autorom
a spoluautorom 65 ¢lankov vo vedeckych a odbornych ¢asopisoch,
220 prispevkov v zbornikoch vedeckych konferencii doma i v zahranici
a taktiez vySe 80 vyskumnych sprav a expertiz pre potreby praxe.
Na jeho prace bolo zaznamenanych 101 ohlasov.

|S=G

Jubilant bol zodpovednym rieSitelom 10 domacich
vedeckych projektov a 4 medzinarodnych projektov. Pod
jeho vedenim uspesne ukongilo Studium 8 doktorandov.

Popri svojej praci spolupracoval, resp. spolupracuje
s kolegami v akadémii, tu mozno uviest Ustav experi-
mentalnej fyziky SAV, KoSice, Ustav materialového
vyskumu SAV a Elektrotechnicky ustav SAV, Bratislava.
Vyznamna bola a je jeho spolupraca s Technickou
univerzitou v KoSiciach — Fakulta BERG, Hutnicka fakulta
a Letecka fakulta — a taktiez s Katedrou jadrovej chémie
Prirodovedeckej fakulty UK, Bratislava.

V ramci doméacej spoluprace, orientovanej prakticky,
treba na prvom mieste uviest byvalé Zelezorudne bane,
neskoér ZELBA, a. s., SpiSska Nova Ves a osobitne zavod
Rudnany, s ktorym bola vyskumnicka €innost jubilanta
velmi Uzko spata. Potom mozno menovat Siderit, s. r. 0.,
Nizna Slana, SABAR, s. r. 0., MarkuSovce, Slovenské magnezitové
zavody, a. s., JelSava, SLOVMAG, a. s., Lubenik, Hornonitrianske
bane Prievidza, a. s., byvalé VSZ, a. s., KoSice, UVR, s. r. 0., KoSice,
PETRA-ARTER, s. . 0., KoSice a KERKO, a. s., Kosice.

Zo zahraniCnych partnerov treba spomenut Institut environ-
mentalniho inZenyrstvi, Hornicko-geologicka fakulta, VSB-TU,
Ostrava, Ustav chemickych procesi AV CR, Praha, Katedru
chémie, Aristotelova Univerzita, Thessaloniki, Grécko, Katedru
environmentalneho inzinierstva a vedy, Univerzita Clemson, Juzna
Karolina, Katedru chémie a biochémie, Statna univerzita Nové
Mexiko, Las Cruces, Upravnicky ustav Akadémie vied /FIA/, Freiberg,
Nemecko, Fakultu banictva a geoldgie, Univerzita v Belehrade,
Srbsko, Ustav aplikovanej fyziky, Narodna akadémia vied Bieloruska,
Minsk, Spojeny Ustav geoldgie, geofyziky a mineraldgie, Sibirske
oddelenie Ruskej akadémie vied, Novosibirsk, Vyskumny ustav
komplexného vyuzitia nerastnych surovin (IPKON RAN), Moskva,
Ustav mechaniky horninového masivu, Polska akadémia vied, Krakov,
Fakultu chemického inzinierstva Birminghamskej univerzity, Ustav
stavebnych vied Eduarda Torroju, Madrid, Gipromas-ugleoboga$¢enie,
Lugansk, Ukrajina, Divizia upravy nerastnych surovin — De Beers,
Johannesburg, JAR.

Jubilant je dobre znamy vo vedeckych kruhoch a v banickej obci
ako skuseny vyskumnik a organizator rozli¢nych vedeckych aktivit
a podujati.

V mene kolegov vyslovujeme jubilantovi Uprimnu vdaku za jeho
obrovsky prinos v prospech slovenského banictva, Upravnictva
a slovenskej vedy.

Do dalSieho Zivota prajeme jubilantovi vela tvorivych sil, pevné
zdravie a pohodu v rodinnom kruhu i na pracovisku.

Slavomir Hredzak

Funkcie a ¢lenstva — Appointments and memberships

— veduci oddelenia fyzikalnych a fyzikalno-chemickych spdsobov
Upravy (1987 — 2010),

— spoloéna odborova komisia pre obhajoby doktorandskych
dizertaCnych prac v odbore hutnictvo kovov,

— komisia pre obhajoby kandidatskych dizertacnych prac v odbore
Upravnictvo, )

— Ustavna rada Banickeho ustavu SAV (neskor Ustavu geotechniky
SAV) v KoSiciach, ]

— Vedecka rada Banickeho Ustavu SAV (neskor Ustavu geotechniky
SAV) v KoSiciach,
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— redakéna rada ¢asopisu Magnetic and Electrical Separation
(1999 - 2003),

— komisia ¢. 6 Vedeckej grantovej agentury Ministerstva Skolstva
SR a SAV (VEGA) pre stavebnictvo, architektdru, banictvo a geo-
techniku (2002 — 2008),

— Slovenska banicka spolo¢nost ZSVTS.
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Host, prof, Ing, Vitazoslav Kriipa, DrSc., Sestdesiatrocny

Greetings to 60th jubilee

Narodil sa 28. oktébra 1950 v Martine. Rané detstvo
travil na Martinskych holiach, ako Skolak vyrastal uz
v KoSiciach. Po maturite na Strednej vSeobecnovzdelavacej
Skole pokracoval v §tudiu na Elektrotechnickej fakulte
Vysokej $koly technickej v Kosiciach v odbore silnoprud,
v Specializacii elektrické teplo a elektrochémia. Studium
uspesne ukonéil ako elektrotechnicky inzinier v roku 1974.

V tom istom roku sa zamestnal vo Vyskumnom
ustave elektrickych strojov to€ivych v KoSiciach na poziciu
technického asistenta. Uz o rok bol prostrednictvom
konkurzu vybraty na Studijny pobyt do Ustavu vlastnosti
hornin SAV (neskér premenovany na Banicky Ustav SAV,
v sucasnosti Ustav geotechniky SAV), kde pésobi dodnes.
Po ukonéeni Studijného pobytu bol v roku 1978 prijaty na
internu vedecku aspiranturu vo vednom odbore dobyvanie
lozisk, Usek geotechniky. Pod vedenim svojho $kolitela, prof. Ing.
Félixa Sekulu, DrSc., ukon¢il adpirantdru obhajobou kandidatskej
dizertacnej prace na tému Matematické modelovanie diamantového
vftania na zaklade standového vyskumu, ¢im mu bol udeleny titul
kandidat technickych vied (CSc.) a zaradil sa medzi vedeckych
pracovnikov Ustavu.

Neustaly hlad po vedomostiach vyustil do postgradudlneho
4-semestralneho S$tudia na Katedre technickej kybernetiky
Elektrotechnickej fakulty VST, KoSice v odbore mikropocitace a apli-
kacie pocitacovych systémov. Ziskané vedomosti neskér uspesSne
vyuzival pri Studiu a opise procesu rozpojovania hornin. V roku 1987
mu bol Slovenskou akadémiou vied priznany kvalifikacny stupen lla
— samostatny vedecky pracovnik — a v roku 1997 stupeni |. — veduci
vedecky pracovnik. V roku 1998 bol Uspe$ny v konkurze na miesto
riaditela Ustavu geotechniky SAV a v tejto funkcii, aj po dalSich
troch konkurzoch, pdsobi nadalej. V roku 2000 mu bol SAV priznany
kvalifikacny stupen $pickovy odbornik a v roku 2002 mu bola priznana
vedecka hodnost doktor technickych vied (DrSc.).

Od néastupu do SAV bola predmetom jeho odbornej, vedeckej
a vyskumno-realizaénej ¢innosti problematika rozpojovania hornin,
konkrétne matematické modelovanie procesu rozpojovania hornin
diamantovymi vrtacimi korunkami, optimalizacia procesu rotaéného
vftania, vyvoj monitorovacich a optimalizaénych sustav pre vftacie
supravy, vyvoj monitorovacich a optimalizaénych sustav pre
plnoprofilové raziace stroje (WORS), matematické modelovanie
interakcie diskovej hlavy raziacich strojov s horninovym masivom,
mechanika strojného razenia (IKONA).V poslednom obdobi sa podiela
na pracach spojenych s aplikdciou metody fuzzy pri modelovani
vykonu pInoprofilovych raziacich strojov, ako aj hodnotenim efektivnosti
plnoprofilového razenia.

Jubilant bol zodpovednym rieSiteflom 12 vyskumnych uloh
a projektov. Vysledky vyskumu neustale publikuje. Je autorom
a spoluautorom 3 monografii, 1 vysokoskolskej uebnice, 56 ¢lankov
vo vedeckych €asopisoch (z toho 20 v zahraniénych) a 108 prispevkov
v zbornikoch domécich i zahrani¢nych odbornych podujati. Na jeho
prace bolo zaznamenanych 345 ohlasov. Taktiez je spoluautorom
63 vyskumnych sprav, ma potvrdenych 22 realizacnych vystupov
pre prax. Recenzoval 4 monografie a u¢ebnice, 47 ¢lankov pre vedecké
a odborné ¢asopisy, 36 ¢lankov v zbornikoch, 36 projektov a sprav,
ako aj 27 kvalifikacnych prac.

Jubilant je ¢inny aj pedagogicky, je hostujucim profesorom na
Technickej univerzite v KoSiciach, lenom komisii pre Statne zaverecné
skusky, spolo¢nych odborovych komisii pre doktorandské Studium,
Skolitelom doktorandského Studia a konzultantom diplomovych prac.
Pod jeho vedenim ziskali titul CSc./PhD. Styria aSpiranti/doktorandi.

V ramci spoluprace jubilanta s akademickou obcou je potrebné
spomenut nasledovné institucie: Fakulta BERG, Stavebna

fakulta a Letecka fakulta TU v KoSiciach, Hornicko-
-geologicka, Strojni a Stavebni fakulta VSB-TU, Ostrava,
Ustav geoniky AV, CR, Sergo Ordzhonikidze, Moscow,
Geological Prospecting Institute of Moscow, State
University (MGRI), A. A. Skotchinsky Institute of Mining
Engineering (IGD) RAS a Istanbul Technical University
— Mining Engineering Dept.

Z podnikatelskych subjektov treba uviest Banské
stavby, a. s., Prievidza (teraz SKANSKA), Hydrotunel,
S.1. 0, Bolnlce Vahostav—tunely a spemalne zakladania,
a. s, Z|I|na ZTS — Vyskum a vyvoj, a. s., Dubnica nad
Vahom Doprastav, a. s., Bratislava, Inzmlerske stavby,
a. s., Kosice, INGEO - |ghp, s. r. 0., Zilina, GEOFOS,
s.r.o, Zilina, Geoexperts, s. r. 0., Z|I|na Cadeco, s.r. 0.,
Zilina, Nafta Gas, a. s., Malacky, UNIGEO a. s., Ostrava,
Best Drilling Chemicals BDC — Morava s.r. 0., Bfeclav.

Host. prof. Ing. Vitazoslav Krupa, DrSc. je dobre znamy vo vedeckej,
ako aj v banickej komunite. Je skisenym riadiacim pracovnikom
a organizatorom vyskumu.

V mene kolegov vedcov, banikov a geotechnikov mu zelame vela
zdravia, novych tvorivych napadov i osobnych Uspechov!

Slavomir Hredzak

Funkcie a ¢lenstva — Appointments and memberships

— riaditel Ustavu geotechniky SAV v Kosiciach,

— predseda rady riaditelov koSickych pracovisk SAV,

— Vedecka rada Fakulty BERG TU v KoSiciach,

— Vedecka rada Stavebnej fakulty TU v KoSiciach — €estny ¢len,

— Vedecké kolégium SAV pre elektroniku, materialovy vyskum
a technoldgie,

— zahrani¢ny ¢&len Ruskej Akadémie montannych vied —
akademik,

— odborova komisia pre odbor 21-04-9 Dobyvanie lozisk nerastov
a geotechnika,

— odborova komisia pre odbor 5.2.32 Tazba nerastov a inZinierske
geotechnoldgie,

— odborova komisia pre odbor 5.2.36 Banska mechanizacia,
doprava a hlbinné vrtanie,

— odborova komisia pre odbor 5.2.38 Ziskavanie a spracovanie
zemskych zdrojov,

— garant predmetu Geotechnické inzinierstvo v Studijnom programe
3. stupfia Tedria a navrhovanie inZinierskych stavieb, Stavebna fakulta
TU Kosice,

— narodna skupina International Society for Rock Mechanics
(ISRM),

— Slovensky tunelarsky komitét (ITA/AITES),

— viceprezident Slovenskej banickej spolo¢nosti ZSVTS,

— Dozorna rada Slovenskej banskej komory,

— vicecechmajster KoSického banickeho spolku,

— redakéna rada medzinarodného vedeckého Easopisu Acta
Montanistica Slovaca,

— redakéna rada ¢asopisu Stavebnej fakulty TU v KoSiciach
Pozemné komunikacie a drahy

Ocenenia — Awards

— vzorny pracovnik SAV (1982),
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= Cestna plaketa rektora Vojenskej leteckej akadémie gen. M.
R. Stefanika v KosSiciach za zasluhy o rozvoj a vystavbu akadémie
(2000),

— paméatna medaila pri prilezitosti 10. vyro€ia zaloZenia Fakulty
vyrobnych technoldgii TU v KoSiciach so sidlom v PreSove (2002),

— vyznamenanie Za zasluhy o Slovensku banicku spolo¢nost
(2005),

— striebornd medaila Zvazu slovenskych vedecko-technickych
spolo¢nosti (2005).

Vybrané publikacie — Selected publications

TREFOVA, L., LAzAROVA, E. & KRUPA, V., 2009: Fuzzy metddy pre
predikciu rychlosti razenia. Pozemné komunikacie a drahy, 5,
1-2,3-62.

TREFOVA, L., LAZAROVA, E. & KRUPA, V., 2008: Aplikovanie fuzzy metddy
pri modelovani vykonu TBM. Pozemné komunikéacie a drahy, 4,
13 -28.

LAzAarROVA, E., TREFOVA, L. & KRUPA, V., 2008: Hodnotenie kvality
horninového masivu v trase razeného tunelového diela. Pozemné
komunikacie a drahy, 4,3 — 12.

TREFOVA, L., LAZAROVA, E. & KRUPA, V., 2008: Aplikovanie fuzzy metéd
pri vyhodnoteni monitorovanych udajov procesu strojového
razenia. Geotechnika, 4, 20 — 28.

KRUPA, V. & LAzAROVA, E., 2008: Mathematical interpretation
of monitoring results of the rock mass and TBM interaction.
Acta Montan. Slov., 13, 1, 33 — 38.

RATKOVSKY, K. & KRUPA, V., 2006: Strojné razenie — raziace stroje. In:
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Edicné stredisko/AMS, 2006, ISBN 80-8073-591-3, 227 — 260.
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(2 special), 330 — 334.
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kontinualnej metdde. Acta Montan. Slov., 9, 4, 375 — 378.
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monitorovania procesu strojného razenia pre inziniersko-
geologicky prieskum. Tunel, 12, 4, 21.
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Prof. Ing. Peter Fecko, CSc., pitdesiatroc¢ny

Greetings to 50th jubilee

Narodil sa 21. 6. 1960 v Stropkove. Gymnazialne
Studia absolvoval v PreSove. Po ich ukonceni v roku 1979
zacal Studovat na Banickej fakulte Vysokej Skoly technickej
v KoSiciach. Studium uspesne ukoncil s ocenenim
dekana v roku 1983 v obore Uprava nerastnych surovin
so Specializaciou na ochranu zivotného prostredia. V roku
1984 nastupil na miesto asistenta na Katedru Upravnictvi
Hornicko-geologickej fakulty Vysoké Skoly bariské
v Ostrave. Pre skvalitnenie svojej pedagogickej prace
sa rozhodol absolvovat externé Studium vysokoSkolskej
pedagogiky na Filozofickej fakulte Univerzity Palackého
v Olomouci, ktoré uspesne ukoncil v roku 1989. V rokoch
1995 — 1996 absolvoval Evropské inZzenyrske studium
zivotniho prostfedi na Technickej univerzite v Drazdanoch
a v roku 1999 absolvoval Integrierte Mangement fur Fach-
und Fuhrungskaréfte aus der Tchechischen Republik.
V roku 1991 dspesnou obhajobou kandidatskej dizertacnej
prace na Banickej Fakulte VST v KoSiciach ziskal titul kandidata
technickych vied (CSc.). Uz v tomto ¢ase sa v rdmci svojej vyskumnej
prace intenzivne zaoberal progresivnymi biologicko-chemickymi
metdédami Upravy a v danej oblasti vypracoval aj habilitaénu pracu,
na zaklade ktorej mu bola v roku 1995 udelena akademicka hodnost
docent (doc.). V roku 2002 bol na zaklade inaugurac¢nej prednasky,
zameranej na kreovanie noveho Studijného smeru biotechnolégii
v Uprave surovin, menovany prezidentom Ceskej republiky za
vysokoskolského profesora (prof.). Aj ked pedagogicka a vedecka
praca vyplha cely mimoriadne aktivny zivot pana profesora Fecka,
okrem nej zastaval poc¢as uplynulych rokov vyznamné funkcie
v transformacéne sa meniacich podmienkach vysokého Skolstva. Na
pociatku to bolo vo vedeni Katedry Upravnictva, neskoér, dve funkéné
obdobia pracoval ako prodekan fakulty a v su¢asnosti posobi ako
veduci oddéleni odpadoveho hospodarstvi a biotechnoldgii v Institute
environmentalniho inzenyrstvi HGF VSB-TU, Ostrava, ktoré zalozil.
Profesor Fecko je neinavnym propagatorom najnovsich poznatkov
formou nespocCetného mnozstva aktivnych ucéasti na svetovych
kongresoch, vratane usporaduivania vlastnych medzinarodnych
konferencii: Mineral Processing and Environment a Recyklacia
odpadoyv, ktoré v tomto roku zaznamenali svoj XIV. roénik a na ktorych
sa zUcéastnuju mnohi vyznamni vedci a odbornici z celého sveta.
Ku skvalitneniu vyucéby v novozavadzanych progresivnych smeroch
prispel pan profesor vydanim 16 monografii a vysoko$kolskych textov.
Participujuc na vydani dalSich skript a monografii, vytvoril podmienky
na ich spristupnenie Studentom.

Velmi vyznamna je jubilantova publika¢na ¢innost, na ktorej sa
podielal nielen samostatne, ale vo velkej miere aj so Sirokym okruhom
spolupracovnikov a ktora doposial zahffia 18 odbornych ¢lankov,
registrovanych v medzinarodnych databazach ISI (CC, Scopus),
a dalSich 426 odbornych préac, publikovanych v réznych odbornych
Gasopisoch a zbornikoch.

Hodnotenie pana profesora Fe¢ka ako Spi¢kového odbornika
v obore Upravnictva potvrdzuju aj pocetné akceptacie zo strany
medzinarodnej vedeckej komunity tym, Ze ho menovala do mnohych
redakénych rad odbornych vedeckych ¢asopisov. Rovnako boli
a stale su ocenované aj pedagogické kvality pana prof. Fecka,
a to v medzindrodnom meradle, formou pozvani na prednaskové
turné, ako napriklad na: University of Mining & Technology (Beijing),
Universidad del Valle (Columbie), The Universidad Industrial
de Santander (Columbie), The University of Petrogsani (Rumunsko)
a jeho periodického pdsobenia na Univezitach v Srbsku, Chorvatsku,
Turecku a Polsku.

Pan prof. Ing. Peter Fecko, CSc., je hybnou silou rozvoja
a pokroku nielen na svojom pracovisku, ale je velmi aktivny

aj v medzinarodnej spolupraci, ktoru ¢asto iniciuje
a systematicky buduje s prestiznymi pracoviskami
na celom svete. Pre nas je poteSitelné, ze na jednom
z poprednych miest je spolupraca s nasim Ustavom
geotechniky SAV v KoSiciach, ktora vyustila do mnohych
spoloénych projektov, monografii, publikacii a do
usporaduvania periodickych medzinarodnych konferencii
s nazvom Recyklacia odpadov.

Pan profesor Fecko je aj napriek svojej pracovnej
vytazenosti mimoriadne vesely ¢lovek s velkym srdcom,
vzdy pripraveny pomdct. Pri prilezitosti jeho vyznamného
jubilea, 50-ych narodenin, mu prajeme pevné zdravie,
vela prenho charakteristického neskrotného optimizmu,
tvorivych sil, pracovnych a osobnych uspechov v kruhu
jeho Studentov, kolegov a priatelov.

Maria Ku$nierova

Clenstva — Memberships

— Vedecka rada Vysokej Skoly banskej — Technické univerzity
v Ostrave, ;

— Vedecka rada Hornicko-geologickej fakulty VSB-TU, Ostrava,

— Oborova rada doktorského studia studijniho programu
P2102 - nerostné suroviny, oboru 2102V009 - upravnictvi
na Hornicko-geologické fakulté VSB-TU, Ostrava,

— komisia pre Statne zavere¢né skusky pre Studijny odbor
3904R022 - zpracovani a zne$kodriovani odpadd na Hornicko-
-geologickej fakulte VSB-TU, Ostrava,

— Hornicka spole¢nost CSVTS, OS Zivotni prostfedi a Upravnictvi,
HGF VSB-TU, Ostrava,

— Polish Mineral Engineering Society,

— redakeni rada ¢asopisu Journal of Mining and Metallurgy, Bor,
Srbsko,

— redakéna rada €asopisu Inzynieria Mineralna — Journal of the
Polish Mineral Engineering Society, Krakéw, Polsko,

— redakéna rada €asopisu International Journal of Coal Preparation
and Utilization, USA,

— redakéna rada ¢asopisu Iranian Journal of Biotechnology, Iran,

— ¢len — kore$pondent Medzinarodného organizaéného vyboru
medzinarodnych kongresov Upravy uhlia (Coal Preparation Congresses)
za Cesku republiku.

Vybrané publikacie — Selected publications

FeCKo, P., KASPARKOVA, A., PERTILE, E., KRiZ, V., TORA, B., JAROSINSKI,
A. & JANAKOVA, ., 2010: Application of pyrolysis residue from
waste materials in black coal flotation. Polish Journal of Chemical
Technology, 12, 2, 62 - 66.

FeCko, P., CaBLiK, V., HAVELEK, R., KOLOMAZNIK, |. & TORA, B., 2009:
Classical and column flotation of black coal samples. Inzynieria
Mineralna, 10, 1, 37 — 48.

PERTILE, E., FECKO, P., NEZVALOVA, L., GuzIUREK, M. & WOLFOVA, R.,
2009: Polycyclic aromatic hydrocarbon content in the sediments of
water-bearing subsidence troughs in the Karvina Region. Journal
of Mining and Metallurgy A: Mining, 45, 1, 88 — 95.

PERTILE, E., FECKO, P., NEZVALOVA, L., GuzIuREK, M. & WOLFOVA, R.,
2009: The waste rock application in hydric reclamation. Journal
of Mining and Metallurgy A: Mining, 45, 1,71 - 79.
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FECKO, P., JANAKOVA, I., RACLAVSKA, H. & ToRA, B., 2009: Application
of flotation in the decontamination of sediments from the Cerny
pfikop stream. Polish Journal of Chemical Technology, 11, 1,
8-11.

FECKO, P., KUSNIEROVA, M., SOCHORKOVA, A., PRASCAKOVA, M., OVCARI,
P., MucHa, N. & JANAKOVA, 1., 2008: Biotechnoldgie v Uprave uhlia.
Monografia. ES VSB-TU Ostrava, ISBN 978-80-248-1701-9, 156.

LyckovA, G., KUCEROVA, R., FECKO, P. & PECTOVA, ., 2008: Biodegradation
of PAHs, PCBs and PHC in sediments from the manmade water
course of Cerny pfikop in the municipal territory of the Ostrava
City (Czech Republic). Zapiski Gornogo Instituta, 174, 207 — 209.

SEDLACEK, P., MucHA, N., PECTOVA, |. & FECKO, P., 2007: Ecological
pellets from brown coal and biomass. Acta Montan. Slov., 12
(sp.2),274 - 277,

BAbuLEscu, C., FECKO, P., loNEscu, C. & MoLbovan, C., 2007: Protection
of environment by coal desulphuration. Ann. Univ. Petrosani,
Mining Engineering, 8, 141 — 148.

FECKO, P., STANCLOVA, S., JANAKOVA, |. & MucHA, N., 2007: Flotation of
black coal in column. In: Wang, Y, Li, S. C., Huang, P, Yang, Y. H.,
An, Y. & Sun, X.Y. (eds.): Progress in Environmental Science and
Technology, 1,1 447 — 1 451.

FECKO, P., KUSNIEROVA, M., CABLIK, V. & PECTOVA, 1., 2006: Environmental
biotechnology. Monograph. ES VSB TU Ostrava, ISBN 80-248-
-1090-5, 182.

FECKO, P., SITAVANCOVA, Z., CVESPER, L. & KovAL, L., 2006: Application
of bacteria Thiobacillus ferrooxidans by desulphurization of coal.
In: The 23rd Annual International Pittsburgh Coal Conference,
PCC - Coal-Energy, Environment and Sustainable Development.

FECKko, P., KUSNIEROVA, M., RACLAVSKA, H., CABLIK, V. & LYCKOVA, B.,
2005: Fly Ash. Monograph. VSB-TU, Ostrava, ISBN 80-248-0836-6,
189.

FECKO, P., PECTOVA, ., OvEARi, P., CaBLIK, V. & TORA, B., 2005: Influence
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of petrographical composition on coal floatability. Fuel, 84, 14 — 15,
1901 -1 904. 3
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-0700-9, 180. ;

FeCko, P., KUSNIEROVA, M., LyCkovA, B., CABLIK, V. & FARKASOVA, A.,
2003: Popilky. Monografia. ES VSB-TU, Ostrava, ISBN 80-248-
-0327-5, 187,

LupTAKOVA, A., KuSNIEROVA, M. & FECKo, P., 2002: Mineréalne
Biotechnoldgie Il., sulfuretum v prirode a v priemysle. Monografia.
ES VSB-TU, Ostrava, ISBN 80-248-0114-0, 152.

FeCko, P., OvCaRi, P. & FARKASOVA, A., 2002: Bacterial desulphurisation
of coal. Polish Geological Institute Special Papers, 7,87 — 92.
FECkO, P., FARKASOVA, A., CaBLIK, V., RoJik, P. & Tora, B., 2002: New
materials as mineral pigments. J. Min. Metall., A: Mining, 38, 1 — 4,
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KuSNIEROVA, M., FECKO, P., STYRIAKOVA, |. & BoLDIZAROVA, E., 2000:
Prognéza vplyvu vybranych druhov mikroorganizmov na struktiru
a prvkovu stabilitu deponovanych energetickych odpadov. Acta
Montan. Slov., 5, 3, 286 — 288. ;

KRiSTOFOVA, D., FECKO, P., KARNIK, T. & CaBLIiK, V., 2000: Biologické
louzeni kaminku a strusky z vyroby olova. Hutnické listy LV., 4 — 7
140 - 143.

Fecko, P. & SEDLACKOVA, V., 2000: Application of Thiobacillus
ferrooxidans by bacterial desulfurization of coal. Developments
in Mineral Processing, 13, C6-43-C6-49.

Fe¢ko, P. & Drosik, M., 1998: Reflotacia Ciernouholnych kalov
z odkalisk dolu Frantisek, OKD, a. s. Acta Montan. Slov., 3 3,
421 - 424.

FECKO, P., RACLAVSKA, H. & MALYSIAK, V., 1991: Desulfurization of coal
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Instrukcie autorom

Vseobecné instrukcie

1. Rukopis v dvoch exemplaroch a originaly obrazkov musia
byt zhotovené podrla instrukcii pre autorov ¢asopisu Mineralia
Slovaca. V opacnom pripade redakcia ¢lanok vrati autorovi pred jeho
zaslanim recenzentovi.

2. Rozsah ¢lanku je najviac 30 rukopisnych stran véitane literatury,
obrazkov a vysvetliviek. Uverejnenie rozsiahlejSich ¢lankov musi
schvalit redakCna rada a ich zaradenie do tlace bude zdlhavejsie.
3. Clanky sa publikuju v slovencine, ¢eStine alebo v angli¢tine.
Uprednostiiuje sa angli¢tina. Abstrakt a skratené znenie c¢lanku
napisaného v slovencine alebo ¢estine (resumé) musia byt v anglictine.
4. Text ¢lanku spracovany v editore MS Word PC zaslite redakcii
v dvoch vytlaGenych exemplaroch s riadkovanim 2 a tiez na CD. Obrazky
a tabulky musia byt vytlacené samostatne vo formate nepresahu-
jucom format A4 a na CD uloZené v samostatnych suboroch.

5. Sucasne s clankom treba redakcii poslat autorské vyhlasenie,
ze nijaka Cast rukopisu este nebola publikovana a originalne su aj
obrazky. Képie obrazkov z inych publikacii musia byt legalizované
ziskanim prava na publikovanie. Vyhlasenie musi obsahovat meno
autora (autorov), akademicky titul a trvalé bydlisko.

Text

1. Upravu textu aj zoznamu literatliry treba prispdsobit sticasnej
Uprave ¢lankov v ¢asopise.

2. Text sa ma pisat s dvojitou linkovou medzerou (riadkovacom 2),
na strane ma byt priblizne 30 riadkov, Sirka riadka je asi 60 znakov.

3. Abstrakt stru¢ne sumarizujuci hlavné vysledky ¢lanku méze mat
najviac 200 slov a nema obsahovat citacie.

4. Text ma mat uvod, charakteristiku (stav) skimaného problému,
pouZiti metodiku prace, zistené udaje a poznatky, diskusiu, zaver
a zoznam literatury.

5.V ¢lanku treba zretelne odlisit vychodiskové Udaje od interpretaci.
6. Udaje z tabuliek a obrazkov v texte neopakovat, iba ich komentovat
a odvolat sa na prislusnu tabulku, resp. obrazok.

7. Text treba ¢lenit nadpismi — hlavné pisat do stredu a vedlajsie
na lavy okraj strany. Pouzit mozno najviac tri druhy hierarchickych
nadpisov a podla délezitosti ich vyznadit ceruzkou na lavom okraji
8. V texte sa uprednostiiuje citacia v zatvorke, napr. (Dubcak, 1987;
Hruby et al., 1988), pred formou ... podla Dub¢aka (1987). Krstné
(rodné) mena sa ani v jednom pripade neuvadzaju.

9. Umiestnenie obrazkov a tabuliek sa oznadi ceruzkou na favom
okraji rukopisu. Nie je vhodné, aby text v editore MS Word obsahoval
vlozené obrazky.

10. Grécke pismena pouzité v texte treba identifikovat na lavom
okraji slovom (napr. sigma).

11. Pri pisani treba désledne odliSovat poml¢ku od spojovnika.

12. Symboly, matematické znacky, nazvy skamenelin, slova a pod.,
ktoré sa maju vysadzat kurzivou, autor v rukopise podciarkne vinovkou.
13. Clanky napisané v slovencine alebo ¢eStine musia obsahovat
anglicky preklad nazvu, abstraktu, klic¢ovych slov, resumé a popisov
k obrazkom a tabulkam.

llustracie

1. llustrécie musia byt vysokej kvality, maju dokumentovat a vysvetlovat
text. Musia sa pripravovat s vedomim, Ze budi zmens§ené na Sirku
stipca (81 mm) alebo strany (170 mm). Tomu treba prisposobit
ich velkost a formu, resp. zoskupenie. Vhodne upraveny obrazok
(velkost pismen, hribka ¢iar) mozno reprodukovat aj v pomere 1 : 1,
ale kresby (perovky) odporiCame urobit vacsie, ako budu vytlacené.
Perovky maju byt zhotovené sytym ciernym tusom. Umerne k pred-
pokladanému zmen$eniu treba zvolit hribku c&iar, velkost pisma,
Cisiel, hustotu Srafovania a pod. Obrazky treba popisovat Sablénou,
nie volnou rukou. Optimalna velkost pisma v ¢asopise po zmenseni
je pri velkych pismenach a Cislach 2 mm. Ak je ¢lanok v slovencine,
popisy v obrazkoch musia byt v slovenéine, ak je v anglictine, aj ilustracie
musia byt v angli¢tine. Original (pred zmenSenim) méze mat najviac
340 x 210 mm. Maximalny rozmer ilustracie vytlaceny v casopise
je 170 x 230 mm. Skladacie ilustracie treba podla moznosti Uplne
vylugit.

Obrazky urobené na pocitai musia byt vytlatené laserovou
tlaGiarfiou v kameralnej podobe pri vysokom rozliSeni (min. 300 DPI)

a musia sa poslat spolu s textom na CD. Pri poéitacovej tvorbe
obrazkov redakcia odporuéa pracovat s programami vo vektorovom
zobrazeni (napr. Corel Draw). Velmi tenké Ciary (tzv. vlasovej hribky)
sa nesmu pouzivat ani na obrysy, ani vo vyplni. Vylu€uje sa pouzivanie
softvérovej vyplne (napr. v Corel Draw). Vyplne v obrazkoch sa musia
skladat zo samostatne vysadzanych objektov. Vhodné nie su ani rastrové
vyplne.

2. Vsetky ilustracie véitane fotografii musia obsahovat graficku (metricku)
mierku.

3. Zoskupené obrézky, napr. fotografie a diagramy, musia byt pripravené
(nalepené) ako jeden obrazok a jeho cCasti treba oznacit pismenami
(a, b, c atd.). Takto zoskupené obrazky sa cituju ako jeden obrazok.
4. Fotografie musia byt ostré, Ciernobiele, kontrastné a vyhotovené
na lesklom papieri. Je vhodné, aby sa pre tla¢ zmens$ovali najmenej
0 50 %. Pri zasielani fotografii vo forme poéitacovych suborov
(vo formate JPG alebo TIF) sa pozaduje vysoké rozliSenie — minimalne
600 DPI.

5. Na vSetkych obrazkoch sa na okraji (na fotografiach na zadnej
strane) ceruzkou uvedie ¢islo obrazka a meno autora a nafotografiach
sa Sipkou oznadi aj orientacia obrazka.

6. Na mapach a profiloch treba volit jednotné vysvetlivky, ktoré sa
uvedu pri prvom obrazku.

7. Nazvy obrazkov s vysvetlivkami treba prilozit k textu na osobitnom
liste v slovencéine a v angli¢tine.

8. VSetky ilustracie sa musia citovat v texte.

9. llustracie sa zasielaju redakcii uz imprimované. Pri korekture ich
uz nemozno opravovat a doplfat.

10. Farebné ilustracie vysokej kvality mozno publikovat po dohode
s vydavatelstvom.

11. Redakcia si vyhradzuje pravo vratit autorovi grafické prilohy
na opravu po jazykovej Uprave, resp. poziadat o ich nahradenie
za prilohy v pozadovanej kvalite.

Tabulky

1. Tabulky treba pisat na osobitny list. Ich rozsah a vnatornu tpravu
limituje maximalna Sirka tlaCového stlpca (81 mm) alebo strany (170 mm).
RozsiahlejSie tabulky sa neprijimaju.

2. Udaje sa zaraduju do tabulky, iba ak sa nedaju uviest v texte.

3. Vertikalne Ciary sa v tabulkach nepouzivaju.

4. Tabulky sa Cisluju priebezne a uverejiuju sa v Ciselnom poradi.

Literatura

1. V zozname literattiry sa v abecednom poradi uvéadza iba literattra
citovana v danom ¢lanku. Citacia oznacena ,v tlaci“ sa moze uviest
v zozname, len ak je z citovaného ¢lanku aspon stlpcova korektura.
,0sobna informacia“ sa cituje iba v texte (Zajac, os. informacia,
1988).

2. Sposob uvadzania literatury

Knizna publikacia

Gazda, L. & Cech, M., 1988: Paleozoikum medzevského prikrovu.
Alfa, Bratislava, 155.

Casopis

Vrba, P., 1989: Strizné zény v komplexoch metapelitov. Miner. Slov.,
21, 135 - 142.

Zbornik

Navesny, D., 1987: Vysokodraselné ryolity. In: Romanov, V. (red.):
Stratiformné loZiska gemerika. Spec. publ. Slov. geol. spol., KoSice,
203 - 215.

Manuskript ;
Radvansky, F., Slivka, B., Viktor, J. & Srnka, T., 1985: Zilné loziska
jedloveckeho prikrovu gemerika. ZavereCna sprava z ulohy SGR-
-geofyzika. Manuskript. Spi§ska Nova Ves, archiv SGUDS, 28.

3. Pri ¢lanku viac ako dvoch autorov sa v texte cituje iba prvy autor
s dodatkom et al., ale v zozname literatiry sa uvadzaju vsetci.

4. Ak sa v ¢lanku (v kniznej publikécii) cituje nazov, Udaje a pod.
iného autora, ktory nie je spoluautorom publikacie, v texte sa cituje
vo forme (Gerda in Kubka, 1975), ale v zozname literatury sa uvadza
iba Kubka, J., 1975.

V pripade nejasnosti si mozno vyziadat podrobnosti e-mailom
na adrese mineralia.slovaca@geology.sk, alena.wolfova@geology.sk,
alebo zoltan.nemeth @geology.sk
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