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CasmeTar: ¥ osom pady cy mpoyyeedHe KapakmepucHiKe Yaopaka npuMaprioe Rpupadii cuposuna uz
priunka Osapera (Bocwa w Xepyezosunal, Osu Mamepujart ¢y 03NGHERN Kao: , AMonumcra pyda”,
LReapy” u, 20na ", 4 HPeICMAasbaly 2RaEHE KUMROAENME KOjE CF jassaly mputuwom npepade pyde
zeoxcha ¥ pydutxy Ouapexa. Kawo Gu ce npetyiesno odpetiile ROUCYMNE MUHEDUEIHE (iate U Hxoau
TeuufoRt CACMAasy, RPUMERERE ¢ arande pendzericke Jugparyufe na npaxy (XRPD), ungipaypeena
cnexmpockonya (FTIR) w cwewupafyha etexmponcka MUKpOCKORUfa-EMEpIEmcy JUCHEPTUaH
enexmpockomiia X-spayuma (SEM-EDS). Penuamamu pendcencre dughparyufe cy noxazam da ce
VROPYN |, AusMOKumcke pyde ” cacmaoje yatasnon oo zemuma kofie OaMuHLpD Had Xemamumonm, U ca
MaRIM KOALNUHEME MASNEMUINT, Keapya u Munepana sruna. Yaopyu | keapya” ce cacmafe yanasnom
od meapya Kofu OOMENEPE HAD MAFUM KOTHSUHIME MUNSDORNA 231350, gherdenamuma u Temanumom.
Viwopyti , 2Auka " cacmoje ce yetderoM o Keqpiya & MUNEPATA 2AHA Kafu doMunupaly Mad Marbi
KouERaMa gerdcnama, awdubong, semurma o xevamuntg, Muwepany zauna oy woenmudurosany
VEMUAHOM KO0 WAEM-COPUYLRT Kofi npecstaliyfe Mad RAOTMNLIMOM, KI0 ¥ XTOPUM KOJH C8 COMO faasa
enapadtuno. FTIR u SEM-EDS ananuse oy ¥ apto dofpoj caznachoc u ) ectuxef Mepu romsphyfy
penamame dobrjene XRPD amemodom,

Kinyune pean: KAPAKTEPHIALTHIA, THMOHHTHA PYIIA, KBAPL, TIIHITA.

Abstract: In present paper there were studicd characteristics af the primary natural raw material
samples from Omarska mine (Bosnia and Herzegoving). These materials are labeled as: “limonite
ore”, “guartz" and “clay ", and they ave main componenis which occur in the processing of iron ore
in Omarskamine In order to precisely determing the present mineral phases and their chemical com-
positions, it was performed XRPD, FTIR and SEM-EDS analysis. The XRPD resulis showed that the
“Iimonile ore” samples are composed of major goethite which dominaie over hemarite, and with minor
contents of magnetite, guartz and clay minerals. The “gquartz” samples are composed of major quarts
which dominate over minor comtents of clay mineraly, feldspars and hematite The “clay samples ™ are
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composed of major quartz and clay minerals which dominate over minor contents of feldspars, amphi-
boles, goethite and hematite. The clay minerals were iderrified as mostly illite-sericite which prevails
over kaolinite, and with chlorites which appears only sporadically, The FTIR and SEM-EDS analvsis
are in very good agreement and mainly confirms the results obtained by XRPD method,

Key words: CHARACTERIZATION, LIMONITE ORE, QUARTZ, CLAY.

INTRODUCTION

The iron ore deposit “Omarska” (Bosnia and Herzegovina) is located in the northeast part
of the “Sana paleozoic”, or the Ljubija metalogenetic region, and in the Omarska-Prijedor
ficld between the cities of Prijedor and Banja Luka (Figure 1). Prijedor and the “Ljubija”
mines are about 20 km away. It was discovered during the regional geological research of the
wider area of Omarska started in 1968.The iron ore deposit “Omarska” consists of the iron
ore body “Buva&”, which is still in exploitation, and the iron ore bodies “Jezero™ and “Mamu-
ze”, where the exploitations were completed in 2008. At this deposit there are the following
types of iron ores: carbonate (massive dark blue siderite, dark siderite, gray grained siderite)
and oxide (compact limonite, kidney limonite, powdered limonite) [1].

Figure 1, Geographically maps of location of the”Omarska™ mine

Processing of ore in Omarska mine is carried out by following methods: washing, sieving,
grading and magnetic concentration. The morphological and structural characteristics of Li-
monite ore from the “Buvad” cause the production of a significant amount of small fractions,
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with a volume below 25 pm, in exploitation. Any further process increases the proportion of
the range from which the existing plant for the mineral processing in Omarska is not possible
to derive concentrate of satisfactory quality, and as such, represents a tailings pond.

Crude ore were firstly be washed in the washing drum, and then continues to wet sieving,
grinding and grading by spiral classifier and the mechanical hydrocyclones. The larger cla-
sses from hydrocyclone go to thickener and further to magnetic separation. The smaller cla-
sses, namely overflow from hydrocyclone (classes -25 pm) go to tailing in forms of sludge.
On the one hand, this sludge is an environmental problem, but on the other hand, it contains
significant amounts of limonite, which could be eventually used. Studies that we have con-
ducted are focused on evaluation of useful minerals from hydrocyclone overflow, One of the
promising methods of the concentration of useful minerals from the sludge is the application
of selective flocculation as a prior stage in order to increase the efficiency of the process
magnetic ore concentration [2-5].

Cwr previous investigations [6] shown that sludge samples were composed mostly of goe-
thite-FeO(OH) and quartz (Si0,), which prevails over clay minerals. The results also indicate
gquartz as the main impurity. Particles size distribution [7] shows that almost 70 mass% are of
=7 um size class, which further confirms that it is not possible to use conventional methods
of mineral processing without the use of some prior stage. The selective separation of impu-
rities and useful minerals in complex system such as the investigated sludge, is very difficult
and depend on the individual components of the sludge and their behavior. The removing of
clay or quartz from fine iron ores was earlier investigated [8-13], but knowledge about fine
limonite ore processing are relatively poor.

In order to better understand this complex system, our primary aim in present paper was
characterization of the primary hatural raw material samples from Omarska mine, labeled as:
“lirnonite ore”, “quartz” and *clay”, These materials are the main components of the sludge
which is further generated during the iron ore magnetic concentration in Omarska mine.

MATERIALS AND METHODS

There were studied two series of the primary natural raw material samples (I and II) and
labeled as “limonite ore™, “quartz™ and “clay”™. These samples were hand-picked and care-
fully selected for further analysis.

- The X-ray powder diffraction (XRPD) patterns of samples I were obtained by a Philips PW-

i 1710 automated diffractometer using a Cu tube (A=1,540604) operated at 40 kV and 30 mA.
I The instrument was equipped with a curved graphite monochromatic diffraction beam, and
Xe-filled proportional counter. The diffraction data were collected in the 26 a Bragg angle ran-
ges from 4" to 65°, counting for 0.25 second at every 0.02° steps. The divergence and receiving
slits were fixed at 1° and 0.1 mm, respectively. The XRPD measurements were performed ex
situ at roomm temperature in a stationary sample holder. The alignment of the diffractometer was
checked by means of a standard Si powder material. Identification of the present mineral phases
was done with comparison of the interplanar spacings (d) and relative intensities (I) with the
literature data, which is corresponding card from the Intemational Centre for Diffraction Data,
the Powder Diffraetion File ICDD-PDF database (wwaiicdd.com).
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Fourier Transform Infrared (FTIR) spectroscopy study of samples I and 1l was performed
using Thermo Micolet 6700, at spectral area 4000-400 cm, with resolution of 2 em! and
with 32 scans. Samples were powdered in agate mortar. For the spectra recording it was used
KDr technique: in 150 mg of powdered KBr it was added 1 mg of the studied sample, then it
was homogenized and tablets were made under specific pressure and vacuum. Identification
of the present mineral phases was done with comparison of the IR spectra with the literature
data for the corresponding mineral phases,

Scanning Electron Microscope-SEM, studies for samples 1 were carmed out in a JEOL
JSM 66101V coupled with Energy Dispersive Spectrometry-EDS by EDS detector model
X-Max Large Area Analytical Silicon Drift connected with INCA Energy 350 Microanalysis
System.

XRPD and SEM-EDS studies of samples 11 were performed in the laboratory Global
Research and Development, Mining and Mineral Processing, Maizidres-lés-Metz, France.
XRPD data were obtained on BRUKER D2 PHASER by using software DIFFRAC.EVA
V4.0, whereas SEM-EDS data were obtained on HITACHI “TM 3000” Tabletop Microscope
with High Sensitivity BSE Detector.

RESULTS AND DISCUSSION
XRPD study
The obtained results of the XRPD studies were shown at Figures 2 and 3, and Table 1.
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Figure 3, XRPD patterns of the series IT
1 I F samples: a). fimonite ore; b). quartz; and
2 4 LR T T ] cl. clay,
Table 1, Identified qualitative and semi-quantitative mineral compositions
of the series I and I samples obtained by XRPD studies,
Sample Limonite ore T Lln;u;nitc ore IT

Qualitative and semi-quanti- .

Goethite.

Guoethite, hematite and quartz. '

Sample is almost complete-
ly consist by momo-mineral

Goethite (~86%) which dom- |

inate over hematite (~10%)

Comment goethite with minor contents andl withi s : £
of hematite, magnetite and m\:}qc;mmr e
clay minerals. g e

Sample Quartz 1 Quartz I

Qualitative and semi-guanti-

| tative mineral composition

Quartz, clays (of illite-seric-
ite - kaolinite composition)
and feldspars.

Quartz, illite-sericite and he-
matite.

. Comment

Quartz (~91%) which dom- |
inates over clay mineras |
{~6%) and with minor con- |
| tents of hematite (~1%).

tents of fildspars (*—_3%}
Sample Clay I

Quartz (~93%) which dom-
inates  owver  illite-sericite
(~0%) and with minor con-

Clay II




Comment

| Qualitative and semi-guanti-
| tative mineral compuosition

PYOAPCTBO H TEQNOTHIA TAHAC F MINING AND GEOLOGY TODAY

Cuartz, clays (of illite-sericite
- kaolinite composition),feld-
spars and amphiboles,

Oartz, clays (of illite-sercite
- kaolinite — chlonte compo-
sition), goethite, chlomtoid
and hematite,

Cuartz (~88%) which dom-
inates over clay minerals
(~7%), and with minor con-

tents of feldspars (~3%) and |

Chiartz. {~50%) and clay miin-

| crals (~44%) which dom-

inates  overminor  goethite
(—4%),chloritoid (~2%) and

hematite.

| amphiboles (~2%), as well,

By comparison of the presented results from series I and II (Figures 2 and 3, Table 2}, it
can be clearly seen that in all of the adequate samples (i.c. with same label) there are with
more-less similar qualitative mineral composition determined. On the other hand, semi-quan-
titative mineral compaositions are mostly various between series 1 and 11, except for the quartz it 8
samples which are almost the same. : ] J

The “limonite ore” samples are composed of major goethite-FeO{OH) which dominate over

E hematite (Fe,0,), and with minor contents of magnetite (Fe,0,), quartz (Si0,) and clay minerals.

i The “quartz” samples are composed of major quartz which dominate over minor contents of clay |

i minerals, feldspars and hematite. The “clay samples” are composed of major quartz and clay !
minerals which dominate over minor contents of feldspars, amphiboles, goethite and hematite. ]

Identification of clay minerals indicate that they are mostly of illite-sericite and kaolinite

composition, with chlorites which appears only sporadically. Sericite is mainly of the mus- i
covite mica type. '|§
I
FTIR study ' ﬂ
The obtained results of the FTIR studies were shown at Fipures 4 and 5, and Table 2. '
a - __\ — __\___.\;._ __.=,.__,..\II... —
\{./ ||r| L
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| Iﬂl- |J:|J‘I Figure 4, FTIR patterns of the series !
N . samples: al, lmonite ore; b, quariz; and ¢,
2 elay,
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Figure 3, FTIR patterns of the
series I samples: a). limonite ore;

bl quartz; and ¢). elay,

Table 2, Idenrified qualitative and semi-quantitative mineral compositions
of the series I and Il samples ohigined by FTIR studies,

Eﬁtple | Limonite ore | Limonite ore 11 i
. | Goethite (3110, 897 and 800cm | Goethite (3124, 893and799cm-"), he-
| Idz:. pesd ﬁ:"nem ') and magnetite? (607 and matite (602and 408cm) and quartz
- B 410cm ), (799cm™).
Sample Quartz I Quartz T1

Identified mineral

Quartz (1160, 796 and 693cm™) |
and clay minerals (clays: 3623,
1631, 1033, 1008 and 91 3cm;

CQuariz (1166, 798and 6%4¢m) and
clay minerals (clays: 3622, 1614
and 1083cm™!; illite-sericite; 778 and

Sumeouim illite-sericite: 535cm*; andka- | 535cm’; and kaolinite: 3699 and
olinite: 3699, 471 and 43 3em™), 462em ),
| Sample Clay I

Clay II

Identified mineral
composition

Quartz (1160, 797 and 694cm™)
and clay minerals (clays: 3623,
1632, 1032, 1008 and 913 em':
illite-sericite: 534 cm": and ka-
| olinite; 3699, 471 and 429cm™). |

Quartz {1165, 79%and 694cm't) and
clay minerals (clays: 3622, 1620,
1032, 1010 and 913 em'; illite-seric-
ite: 778 and 535 em'!; and kaolinite:
3699, 471 and 435 cm’),

Identification of the present mineral
16]. The obtained results are in VEry g

phases were done using the adequate references [14-
ood agreement and mainly confirms XREPD results of the

previously determined qualitative and semi-quantitative mineral compositions. Some differences

between series T and T, especially for the

method.

32)

“limonite ore™ samples, are also clearly visible with this




FYIAPCTBO H IEOMOTHIA TAHAC ¢ MINING AND GEOLOGY TODAY

SEMVEDS study

Scanning electron microscope (SEM) coupled with Energy Dispersive Spectrometry
{EDS) was used for morphological, structural and chemical composition study of natural
series I and IT samples of “limonite ore™, “quartz” and “clay™. For defining the more precise
elemental and mineral composition, it was done analysis of selected points on the surface.
The results were shown at Figures 6-9 and Tables 3-8,

As it is well known, one of the most limiting factors for determination of the mineral
phases from EDS data is its inability to measure hydrogen, due that goethite and clay-mica
minerals contain appreciable amounts of OH groups and/or H,0. According to that, we can
only speculate about these possible phases. However, we believe that the obtained SEM-EDS
results are also in very good agreement and mainly confirms XRPD results of the previously
determined qualitative and semi-guantitative mineral compositions presented in this paper.

a limonite ore

Figure 6, SEM images af the series I samples with analyzed selected points

Tuble 3, EDS microanalysis data from the selected points 1-3 of the limonite ore
I shown in Figure Ga {in wi. 23). Analvsis of the whole studied area is also presented

Element 1 2 3 4 5 | Whole arca
R 4467 | 3203 | sS0.10 | 49.05 4611 | 3805 |
i 0.72 047 | 097 XE 0.49 079
Al nd | nd | nd 1.96 0.72 0.44

| Fe | 5405 6671 | 4761 43.58 | 4031 | 5669
| K n.d. m.d, | n.d. nd. | 47 n.d. |
e | B 079 | 133 468 | 1183 4_:ﬁt

|
n.d. - not detected

The most of the selected points of limonite ore [ (spectrums 1-3, Table 3) contain Fe as
the most dominant element with minor amounts of Mn and 8i. This is in good agreement with
XRPD results and comresponds to goethite as the main phase. Some of the selected points
{spectrums 4 and 5) contain less Fe and different amounts of other elements (Mn, Al, Si and
K} and could be assigned as mixture of goethite and other phases, such as Mn-minerals or
impurities, and minor Al-silicates and quartz,
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Table 4. EDS microanalysis data from the selected points 1 - 4 of the quartz T shown in
Figure 6b (in wt. %). Analysis of the whole studied area is also presented.

Element TR 3 4 Whole arca |

0 | 5246 53.94 60.23 49.07 59.27
 si | aem 219 | 2074 3308 | 27.02
Al 3.64 1273 | 13.89 ET AR

Fe | nd 1.25 1.31 0.70 170 |

Na 0.43 nd. n.d. 041 | nd

K | 074 293 38 | 453 2.44

Mg nd | 070 0.96 0.38 0.59

Ti n.d. 026 | nd n.d. 047

n.d. - not detected

X-ray microanalysis (EDS) data of the selected point | (Table 4) confirms that the quartz
phase is dominant over small amounts of Al-silicates. Other selected points (2-4) are also
identified as quartz, but with something higher amounts of Al-silicates, Elemental compo-
sition indicates that the Al-silicates are of clays and/or micas and/or feldspars composition.

I shown in Figure 6c fin wi. %), Analysis of the whole studied area is also presented,

Tuble 5, EDS microanalysis data from the selected points 1-6 of the clay

n.d. - not detected

Element | | 2 3 'EE 6 | Whole
SN S HIcd
O | 4806 | 5608 | 5590 | 4558 | 57.28 | 4971 | 5522
Si | 2367 | 3964 | 1751 | 2575 | 4051 | 2244 | 2259
Al | 1661 182 | 138 | 1870 | 063 | 1820 [ 10.94
| Fe 171 | 228 | 1007 | 213 1.07 155 | 689
Na | 053 nd. | nd n.d, nd. | 09 | nd
K 8.08 018 | 141 7.35 n.d. 649 | 257
Mg | 105 | nd | nd | 049 [ nd | nd | 060
Ti 0.29 nd | 057 nd. n.d. 022 | 065
Cu nd. nd. | 068 nd. | 051 | 042 | 054

The content of Si, Al and other elements, such as K, Na and Mg, indicate clays-micas
intimately associated with quartz (spectrums 1, 3, 4 and 6, Table 5). Correlation of Si/Al in
some selected points (spectrums 2 and 5) indicates to an almost pure quartz which dominates
over clay-mica minerals. It should be mentioned that there is also increase of one Fe mineral

at spectrumn 3, and that there are significant Cu contents at spectrums 3, 5 and 6.
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Figure 7, SEM images of the limonite ore I samples with analyzed a-h selected points.

Table 6, EDS microanalysis data from the selected peints a-h

of the limonite ore If shown in Figure 7 {in we. ).

Element a | b c d & f g h
0 42.47 32.69 30.93 49,82 4233 29.37 28.27 30.87
T si 5753 | 152 | 089 |4167 |57.67 | 059 |1327 | 069
Al n.d. 0.25 n.d. n.d. n.d. n.d. 11.40 n.d.
Fe n.d. 65.54 6818 8.51 n.d. 70.12 44 06 68.44
K nd. | nd n.d. n.d, nd. | nd 3.00 n.d.

n.d. - not detected

Same as in the limonite ore 1, the most of the selected points of limonite ore 1L {(spectrums
b, ¢, fand h, Table 6) contain Fe as the most dominant element with minor amounts of 51 and
Al This is in good agreement with XRPD results and corresponds to goethite as the main
phase. Some of the selected points (spectrums a and ¢) are adequate to pure quartz. Spectrum
d is adequate to the mixture of quartz and goethite, i.e. more precisely to the inclusion of
quartz in goethite which is clear visible; whereas spectrum g is adequate to the mixture of
goethite and Al-silicates. 5

Table 7, EDS microanalysis data from the selected
points a-f of the quartz 1 shown in Figure 8 (in wt, %),

Element a b C od e
0 43.15 43.09 41.90 41.62 44.22 —|_ 4262
[ =i 56.85 56.91 58.10 '58.38 55.78. 28.76
Al | nd nd. nd. n.d. n.d. 20.56
K n.d. “nd n.d. nd. nd | 806

n.d. - not detected
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Most of the selected points (spectrums a-g, Table 7) are adequate to the pure quartz. Only
spectrum f most probably corresponds to some of the Al-silicates.

Figure 8, SEM images of the clay If samples with analyzed a-¢ selected points.
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Table 8, EDS microanalysis data from ihe selected poinis a-e af
the clay IT shown in Figure 9 (in wi. %8),

Element a b C 3 ci e
0 50,29 45.41 41.61 4149 | 4255
Si 49.71 29.66 36.20 36.26 26.66
Al n.d. 1943 17.50 17.26 18.99
K n.d. 550 4.69 5.00 n.d.
Mg ] nd. n,lgl_._w n.d ‘n,d. 1.16

n.d. - not detected

The contents of $i, Al and other elements (spectrums b-e, Table 8) indicate to the clay-mi-
ca minerals. Only one of the selected points (spectrum a) indicates to the pure guartz.

SEM images and EDS chemistry of series T and 11 samples (Figure 6-9 and Tables 3-8)
show heterogeneity of morphology, structural and mineral composition with the predominant
oxide and/or hydroxide minerals consisting mainly of iron, silicon and aluminum, and con-
firming the XRPD and FTIR results. Namely, the “limonite ore™ samples are composed of
Fe minerals which dominate over quartz and Al-silicates, and with significant amount of Mn.
The “quartz” samples are composed of major quartz which dominate over Al-silicates and Fe
minerals. The “clay samples™ are composed of major quartz and Al-silicates which dominate
over minor contents of Fe minerals,

Such identified and characterized compositions of these natural raw materials are also
in very good agreement and further explains the sludge composition generated during the
processing of iron ore in Omarska mine,

This heterogeneity makes complex dispersion system, in which one of the basic para-
meters for the selective flocculation process is dispersive and flocculating behavior of the
individual components of the system. One of the most important features is surface charge,
which depends on the morphological, structural and chemical characteristics of minerals that
form the main components of the system. Some earlier studies of these behavior of dispersion
systemns are mainly performed on mixtures of pure synthetic minerals [17-20]. Therefore,
our future research will be aimed at defining the surface charge of natural minerals that have
been identified here as the main components of the system and their behavior in the presence
of different dispersants and flocculants.

CONCLUSION

The primary natural raw material samples from Omarska mine, were studied and chara-
cterized by XRPD, FTIR, SEM and EDS analysis. According to the obtained results, it can be
concluded that the “limonite ore™ samples are composed of major goethite which dominate
over hematite, and with minor contents of magnetite, quartz and clay minerals, The “quartz"
samples are composed of major quartz which dominate over minor contents of clay minerals,
feldspars and hematite. The “clay samples™ are composed of major quartz and clay minerals
which dominate over minor contents of feldspars, amphiboles, goethite and hematite. The
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clay minerals were identified as mostly illite-sericite which prevails over kaolinite, and with
chlorites which appears only sporadically.

Acknowledgment: The authors are grateful to Company ArcelorMittal in Prijedor for te-
chnical support and enabling the study visit Lj. Tankosic in the laboratory Global Research
and Development, Mining and Mineral Processing, Maiziéres-les-Mete, France for the pur-
pose preparation of their PhD. The authors are also grateful to the SEM LAB of Faculty of
Mining and Geology, University of Belgrade, for making SEM and EDS measurements.

REFERENCES

1. Milovanovic, D., Milosevic, A., 2007, SalcinE. Elaboration on [ron Ore Classification,
Categorization, and Calculation for the Deposit of “Omarska” — Location of “Buvac”,

Institute of Mining, Prijedor

2. Somasundaran, P, Runkana, V., 2000. Selective flocculation of fines, Trans. Nonferrous
Met. Soc. China, 10, Special Issue, 8-11.

3. Weissenborn, PK., Warren L.J., Dunn, .G., 1994, Optimization of selective flocculation
of ultrafine iron ore, Int. J. Miner. Process., 42, 191-213. .

4, Tao Su, Tiejun Chen, Yimin Zhang and Peiwei Hu, 2016. Selective Flocculation Enhan-
ced Magnetic Separation of Ultrafine Disseminated Magnetite Ores, Minerals, 6(3), 86,
1-12, doi:10.3390/min6030086

5. Abro, M.L, Pathan,A.G., Mallah,A H., 2011. Selective Flocculation of Dilband Iron Ore,
Pakistan, Mehran University of Engineering & Technology, 30(2), 319-328, ISSN 0254-
7821,

6. Tankosié, Lj., Tan&ié, P, Sredié, 5., Nedi¢,Z., 2017. Characterization of the sludge ge-
nerated during the processing of iron ore in Omarska mine, 6* International Symposium
“Mining and Environmental Protection” Vrdnik, Book of Proceedings, 255-262

7. Tankosié, Lj., Tandi¢, P, Sredié, 8., Nedié,Z., 2017, Particle size distribution of iron ore
sludge determined by using different methods and iron content by size class, 7* Balkan
Mining Congress, Prijedor, (Abstract accepted).

8. Panda L., Das B, Rao D.S., Mishra B.K., 2011. Selective Flocculation of Banded Hema- §
tite Quartzite (BHQ) Ores, The Open Mineral Processing Journal, 4, 45-51.

9. Orumwense FFQ., Nwachukwu J.C., 2000. Flocculation studies on hematite-silica
system using polymeric flocculants, Indian Journal of Chemical Technology, 7(1), 23-29.

10. Kulkamni, R.D., Somasundaran, P, 1976. Mineralogical Heterogeneity of Ore Particles
and Tts Effects on Their Interfacial Characteristics, Powder Technrology, 14, 279-285.

11. Praes, P.E., de Albuquerque, R.O., Luz, A F.O., 2013. Recovery of Iron Ore Tailings by
Column Flotation, Journal of Minerals and Materials Characterization and Engineering,
i,212216.

12. Mark, Ma., 2012. Froth Flotation of Iron Ores, Infernational Jowrnal of Mining Enginee-
ring and Mineral Processing,1(2), 56-61, doi:10,5923/j.mining.20120102.06

13, Vijaya Kumar, T.V,, Rao, D. S., Subba Rao, S., Prabhakar, S., BhaskarRaju, G., 2010.
Reverse flotation studies on an Indian low grade iron ore slimes, fnternational Journal of
Engineering Science and Technology, 2(4), 637-648.

14. Moenke, H., 1962. Mineralspektren. Academie Verlag, Betlin, Cermany,

e - AN e e e AT

328



PYIAPRCTEO H TEQNOTHTA TAHAC ¢ MINING AND GEOLOGY TODAY

15. Plyusnina, L. L, 1967, Infrakrasnie spektrov minerala, Moskva,

16. Gadsden, J. A., 1975, Infrared spectra of minerals and related fnorganic compounds,
Longmans, London,

17. M.Ohtsubo, A Yoshimura, 5-1. Wada,R.N.Yong, 1991. Particle Interaction and Rheology
of Mite-Iron Oxide Complexes, Clays and Clay Minerafs, 39 f4),347-354

18. M. Arias, M.T.Barral, F.Diaz-Fierros, 1995, Effects of Tron and Aluminium Oxides on the
Colloidal and Surface Properties of Kaolin, Clays and Clay Minerals 43 (4),406-416.

19. G.C. Sresty and P. Somasundaran, 1980. Selective Flocculation of Synthetic Mineral
Mixtures Using Modified Polymers, fnternational Journal of Mineral Processing , 6,
3030-320

329



Rudarski institut doo Beograd
Batajnicki put 2, 11080 Beograd

P I

Mining institute —
L'Institut minier
Berghau Institut

- FOpHBIA HHCTUTYT P, SO T

www ribeograd.ac.rs

beorpan, 12, jyaun 2019,

Ilotephyjemo aa je pag CHARACTERIZATION OF NATURAL RAW MATERIALS IN THE
PROCESSING OF IRON ORE FROM OMARSKA MINE ; KAPAKTEPHIATUIA
PEIPOGHTHN MATEPHIAHA Y TIPOLECY TRATIPEME PYAE TBOMNSHA W Y SIS
' \' vk aytopa Jb. Tamkocwh, IT. Tawawh, C. Cpeawh, 3. Henunh u B. Manbawuh,
DOL:10.25075/51.2017.31, caonwten na MephyHapoasom cuMnosnjysy Pyiapctso u reo.oruja
Aarac, beorpag, 18 - 20, 09.2017, u nocae peuensuje Kao Hayund pas nyGiHKoBaH v 360pHIKY
patosa PYIAPCTBO W I'EOJIOTHIA HAHAC, wznaraun Pygapcku weerwTvt bBeorpad,
hakalicka aKageMuja pyJapekux Hayka u Axajemuja vikckwepekux Havka CpBuje. MCBH 978-
86-82673-13-2(PH), 2017, c1p. 316-329,

MoTepaa ce winaje va saxTes ayropa 36or Gufnuorpadeke TOKYMEHTOBAHOCTH,

Hotnpeaceannk Oprannzaumonor
KOMUTETA M YPEeaHMK
S

o J_Jﬁlf
Hp Ceernama [Toaasuep,
HAYHHU CapaaHiK



