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New facility for continuous recording of iron ore magnetization intensity depending on temperature, when heating iron
ores in the presence of reducing agent has been designed. The facility enables recording the transformation of weak
magnetic minerals into strong magnetic ones under the influence of reducing agents and temperature, as well as determining
the Curie temperature of the minerals. Using the facility it has been showed that heating of goethite and hematite in the
presence of 4% starch within the temperature range of 300-600 °C leads to a significant increase in the sample magnetization
intensity. X-ray diffraction has confirmed that under the mentioned conditions the structure of hematite and goethite
transforms into the magnetite structure. Obtained results open up new possibilities for the development of effective

technologies for oxidized iron ore beneficiation.
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Ukraine is the seventh among the world coun-
tries by iron ore deposits consisting of mainly
magnetite and hematite quartzites. The magnet-
ite quartzite easily takes beneficiation by mag-
netic separation method and is widely used for
production of iron ore concentrates. As of today,
the magnetite ore deposits has been substantially
exhausted. The poor hematite quartzite extracted
together with the magnetite quartzite often are
unsuitable for beneficiation by the magnetic sep-
aration method as well as by other methods. The
tailings are piled and occupy large areas, which
cause environment, economic, and, in the future,
social problems. According to estimates [1], the
explored deposits of oxidized ferruginous quartz-
ite in the Kryvyi Rih Iron Ore Field total 5 bil-
lion tons. However, even the material kept in
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dumps and tailing facilities (240 million ton ore)
is enough for many years. None country has such
deposits of raw materials ready for processing.

In the industry, for beneficiating the oxidized
iron ores a technique based on the use of reducing
agents, namely, mix of carbon monoxide and hy-
drogen at a high temperature (900—1450 °C) is
used [2]. This technique enables to get magnetic
material from nonmagnetic oxidized iron ores. The
former is further used for obtaining iron-contain-
ing concentrate by the magnetic separation meth-
od. However, this method is very power intensive
therefore, it is necessary to design new energy ef-
ficient techniques for processing the poor magnet-
ic ferrous materials on which new methods for oxi-
dized iron ore beneficiation will be based. In order
to address this problem it is necessary to design
laboratory facilities for studying the processes re-
lated to conversion of poor magnetic ferrous ox-
ides and hydroxides into the strong magnetic iron
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oxides (magnetite) under the action of various ex-
ternal factors. This research is aimed at creating
laboratory facilities for continuous recording of
magnetic material and ore magnetization intensity
depending on temperature, during their chemical
transformation under conditions of reduction.

RESEARCH MATERIALS AND METHODS

The basic experiments were carried out for
hematite and goethite ore samples taken from the
Kryvyi Rih deposits. The samples were milled to
the fractions less than 0.1 mm. For studying the
phase transitions, the samples of goethite and
hematite ores were carefully mixed with 4% starch,
placed into a quartz mini-reactor and heated up to
650 °C /cooled at a rate of 65—80 °C/min.

The sample structural transformations were stu-
died by the X-ray diffraction method (DRON-3M
XRD meter with monochromator) with copper an-
ticathode (CuK , A = 1.54178 A).

DISCUSSION OF RESULTS

The thermomagnetic research was carried out at
a facility designed for the study of transformations
of poor magnetic ferrous oxides and hydroxides in-
to the strong magnetic oxides and the identification
of magnetic phases of minerals [4] (Fig. 1). The de-
vice records the sample magnetization intensity de-
pending on temperature, during its chemical trans-
formation, under conditions of reduction, and auto-
matically identifies the Curie temperature that is
ferromagnetic constant. The Curie temperature un-
ambiguously depending on the mineral crystalline
structure, its value can be used to identify magnetic
minerals in the ores and magnetic materials.

Device components:

1. Magnetic digital balance with a weight limit
of 210 g, readability of 0.001 g, and digital output
for communication with PC. The device is used
for measuring the interaction between the sample
and the magnetic field.

2. Digital thermo-controller (DTC) for measur-
ing and controlling temperature (DTC 02 Univer-
sal+). The device can be connected to PC, work
with network, and record process parameters.
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Fig. 1. Diagram of device for study of the magnetic phases of
magnetically ordered minerals and their identification. The
explanations are given in the text
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Fig. 2. Thermomagnetic curve for hematite ore with 4%
starch
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Fig. 3. Differential thermomagnetic curve for hematite ore
with 4% starch
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Fig. 4. Thermomagnetic curve for goethite ore with 4%
starch

% +0.05+

8

=

£¢

25 005 :
¥ L
S —— Heating Voo
éi LN | S—— Cooling

o v

2

§ _015 Il Il Il Il Il Il Il
kS 0 100 200 300 400 500 600 700
A Temperature, °C

Fig. 5. Differential thermomagnetic curve for goethite ore
with 4% starch
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Fig. 6. XRD pattern of the initial hematite quartzite sample
(1 — hematite Fe,O,; 2 — quartz)
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3. PC for transferring and collecting data on time,
temperature (set by DTC and measured by thermo-
couple), and recording data from magnetic digital
balance. The data are processed with the help of
special software storing them on the computer.

4. Thermocouple based on chromel—copel alloy,
which transfers measured temperature to the ther-
mo-controller.

5. Pipe for removing gaseous substances (flex-
ible rubber pipe having a water trap at the end).

6. Nichrome solenoid as heating element (helix
height is 1 cm, wire diameter is 0.8 mm). It is con-
trolled by thermo-controller and operates within
the range from ambient temperature to 650 °C.

7. Reactor with the sample (a quartz vessel
with rubber plug, duct for gases, and hole for
thermocouple). The vessel diameter is 1 cm. The
sample is a powder mixture. Having been pre-
pared it is put into the reactor having a height of
approximately 1 cm (height of solenoid).

For measuring the sample magnetization inten-
sity with the help of this facility, the device based
on the measurement of interaction between the
sample and the magnetic field of constant magnet
is used. The constant magnet based on NdFeB al-
loy is fixed on a measuring sensor with standard
digital output to PC for recording the interaction
between the sample and the magnetic field of con-
stant magnet. Heating and cooling of the sample
are programmed by temperature control unit with
the help of PC software. The dependence of mag-
netization intensity on temperature and the Curie
temperature are built and determined by PC. The
structure transformations take place in the quartz
micro-reactor designed in such a way as to ensure
supply and removal of gaseous oxidants and re-
ducing agents. The solid oxidants and reducing
agents are added in required quantity when the
sample is prepared for the study. The Curie tem-
perature is computed on the basis of the extreme
points on the curve of magnetization intensity
first derivative by temperature.

The dependence of magnetization intensity on
temperature for hematite ore and the correspond-
ing curve of the first derivative recorded with the
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help of designed facility are showed in Figs. 2 and
3, while for the goethite ore, they are given in
Figs. 4 and 5, respectively.

One can see from Figs. 2, 3, 4 and 5 that the date
enable determining the temperature of beginning
of chemical transformations of the hematite and
goethite weak magnetic phases into the strong
magnetic phase, as well as the sample magnetiza-
tion intensity after cooling down to ambient tem-
perature and the Curie temperature of the ob-
tained strong magnetic phase (arrows in Figs).

New magnetic phase with Curie temperature
of 570 and 530 °C has been showed to appear as a
result of structural transformation of hematite
and goethite ores, respectively. The obtained
temperature is close to the Curie temperature of
magnetite (580 °C).

The analysis of X-ray diffraction pictures be-
fore and after transformations has showed that
the structure of weak magnetic minerals (hema-
tite and goethite) transforms into the structure
of strong magnetic mineral (magnetite). Reflexes
on the diffraction picture of initial hematite ore
(Fig. 6, respective interplanar space d(A) are: for
hematite 3.678; 2.698; 2.518; 2.206; 1.841; 1.695;
1.487 and for quartz: 4.25; 3.34; 2.455; 2.281;
2.127; 1.979; 1.819; 1.542; 1.454) show that the
sample contains hematite and quartz traces. The
magnetite reflexes have been showed to appear
on the diffraction picture of the sample obtained,
after the structural transformation of hematite
ore with the help of the designed facility (Fig. 7)
(for magnetite, the interplanar spaces d (A) are:
2.964; 2.529; 2.099; 1.616).

The reflexes on the diffraction picture of the
goethite sample (Fig. 8) are referred to goethite
(respective interplanar spaces for goethite d (A)
are: 4.26; 455; 722), hematite (respective inter-
planar spaces for hematite d (A) are: 2.702; 2.201;
1.697; 1.451), quartz (respective interplanar spa-
ces for quartz d (A) are: 4.181; 3.345; 1.819; 1.543;
1.373), and kaolinite (respective interplanar spa-
ces for kaolinite d (A): 3.576).

After the transformation of goethite ore with
the help of the facility designed, on the diffraction
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Fig. 7. XRD pattern of the sample after hematite structural
transformation (7 — hematite Fe,O,; 2 — quartz; 3 — mag-
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Fig. 8. XRD pattern of initial goethite sample (7 — hematite
Fe,0.; 2 — quartz; 3 — goethite y-FeOOH, 4 — kaolinite)
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picture of the sample (Fig. 9), the goethite reflexes
disappear, whereas the magnetite ones come into
being (for magnetite, the interplanar spaces d (A)
are: 2.969; 2.532; 2.099; 1.614; 1.484).

Hence, the study of iron ores on the designed fa-
cility has showed that as a result of heating of he-
matite and goethite ores in the presence of 4%
starch, within the range of temperature 300—600 °C,
hematite and goethite transform into magnetite.

CONCLUSIONS

1. A laboratory facility for recording the mag-
netization intensity depending on temperature
(up to 650 °C) in the presence of reducing agents
and determining the Curie temperature of sam-
ples has been designed.

2. With the help of the above facility it has been
showed that under heating (up to 650 °C) hema-
tite and goethite ores in the presence of starch as
reducing agent change their structure and mag-
netic properties.

3. The new facility for continuous record of
magnetization intensity of iron ores depending
on temperature when heating in the presence of
reducing agent can be recommended for develop-
ing new techniques of beneficiation of oxidized
iron ores from the Kryvyi Rih deposits and for
managing manmade iron ore dumps and tailings.

The research was done within the framework of
R&D project of the NAS of Ukraine no.10 in 2014.
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O.M. ITonomapenxo, O.5. Bpux, H.O. [lyduenxo

IHcTuTyT Teoximii, MiHepasorii Ta PyJ10yTBOPEHHSI
im. MLII. Cemenenka HAH Ykpainu, Kuis

CTBOPEHHA YCTAHOBKI
JUIA ITIEPETBOPEHHA MATHITHUX
XAPAKTEPUCTUK CJIABOMATHITHUX
OKNCHEHUX 3AJIISBHUX PY/], B 3B A3KY
3 VIOCKOHAJIEHHAM TEXHOJIOTTIA
BMPOBHNIITBA 3AIISOPYAHUX
KOHIIEHTPATIB

CTBOpPEHO HOBY YCTaHOBKY JUISI HEIEPEPBHOI peecTpartii
HaMarHiYeHOCTi 3aTi3HUX PY B 3aJI€KHOCTI BiJ TEMITEPATYpPU
TIpY X HArpiBaHHI Y BiHOBJIIOBATBHUX YMOBaX. YCTaHOBKA
JI03BOJISIE PEECTPYBATH IIPOLIECH TIEPETBOPEHD CJIabOMarHiT-
HUX MiHEpaJiB B CUJIBHOMATHITHI 111/l BIIMBOM BiJTHOBHUKIB
Ta TEMIEPATYPH, a TAKOK BU3HAYATH TeMiepaTypy Kiopi mi-
HepaliB. 3a JIOTIOMOTOI0 CTBOPEHOI YCTAaHOBKH TTOKA3aHo, 1110
HArpiBaHHS F€TUTY Ta TEMATUTY B IPUCYTHOCTI 4% KPOXMa-
mo B miarmazoni temriepatyp 300—600 °C Beze 10 cyTTEBOTO
30LIbIIIEHHS] HAMArHIYE€HOCT] I0CTIIZKEHNX 3pasKiB. MeTonoM
mdpakilii PeHTreHiBCbKUX MTPOMEHIB ITiAITBEP/IKEHO, 1110 3a
3a3HaYEHUX YMOB CTPYKTYpa reMaTUTy Ta FeTUTY [1€PEeTBOPIO-
€THCS HA CTPYKTYPY MarHetuty. OTpuMaHi pe3ysbraTi Hajia-
10Th HOBUX MOJKJIMBOCTEI /7151 PO3POOKH e(heKTUBHUX TEXHO-
JIOTIii 30araueHHs OKUCIEHNX 3a/li3HUX PYL.

Kniouosi cnosa: MarHeTut, reMaTuT, TeTHUT, ePETBOPEHHS
CTPYKTYpH.
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A.H. [lonomapenxo, A.b. bpux, H.A. /lyouenxo

WHCTUTYT reOXUMUK, MUHEPAJIOTUH U Py1000pa3oBaHus
uMm. H.II. Cemenenko HAH Ykpaunsi, Kues

CO3OAHUNE YCTAHOBKI
JUIA ITIPEOBPASOBAHNMA MATHUTHBIX
XAPAKTEPNCTUK CJIABOMATHUTHDBIX
OKUCJIEHHBIX JKEJIESHBIX PY/I, B CBA3U1
C YCOBEPHIEHCTBOBAHUEM TEXHOJIOTUN
[MTPOU3BO/ACTBA JXEJE3OPY/IHbIX
KOHIIEHTPATOB

Coszana HoBasl yCTaHOBKA /I HEIPePLIBHON perucrpa-
MM HaMaTHUYEHHOCTHU KeJEe3HBIX PYJ B 3aBUCHMOCTU OT
TeMIepaTyphl IIPH WX HarpeBaHUM B BOCCTAHOBUTEIBHBIX
YCTOBUAX. YCTaHOBKA TIO3BOJISIET PETMCTPUPOBATD TPOIIEC-
cbl IpeoOpa3oBaHus CIabOMarHUTHBIX MUHEPATIOB B CHJIb-
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HOMATHUTHBIE T10]] BJIUSTHIEM BOCCTAHOBUTEJIEN 1 TeMIIepa-
TYPBI, a TaK)Ke OIIpelesATh TeMiepaTypy Kiopu MuHepasos.
C TIOMOTIHIO CO3/IAHHOM YCTAHOBKU TTOKA3AHO, YTO HArPeBa-
HUe TeTUTA U TeMaTUTa B IPUCYTCTBUM 4% KpaxMaJia B Jina-
masore temmepatyp 300—650 °C mpuBOIUT K CYTIECTBEHHO-
MY YBEJIMYEHUIO HAMarHUUeHHOCTH UCCIIelyeMbIX 0OPasIioB.
Metomom nudpakiiuy peHTTeHOBCKUX JIy4eil TTOATBepIK/e-
HO, YTO TIPH YKa3aHHBIX YCJIOBHUSIX CTPYKTypa reMaTuTa i
reTuTa peoObpPasoBbIBAETCSI B CTPYKTYPY MarHeruta. [loiry-
YeHHbIE Pe3YJIbTaThl OTKPBIBAIOT HOBbIE BO3BMOXKHOCTH JIJIsT
paspaboTku 2 GhEKTUBHBIX TEXHOIOTHH 000TAIEHNsT OKHC-
JIEHHBIX JKEJIE3HBIX PY/I.

Kunwouesvie cio6a: MarneTur, reMaTut, TeTUT, Iipeobpa-
30BaHUSI CTPYKTYPBL.
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