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METHOD FOR TRANSFORMATION OF WEAK MAGNETIC MINERALS
(HEMATITE, GOETHITE) INTO STRONG MAGNETIC MINERAL
(MAGNETITE) TO IMPROVE THE EFFICIENCY OF TECHNOLOGIES
FOR OXIDIZED IRON ORE BENEFICIATION

A new method for relatively simple transformation of the weak magnetic minerals (goethite (a-FeOOH) and hematite
(a-Fe203)) into the strong magnetic mineral (magnetite (Fe304)) has been developed. The structure and magnetic
characteristics of goethite and hematite have been showed to transform in the presence of starch at relatively low
temperatures (in the range of 300-600 °C). The results obtained have opened up new opportunities for the development of

effective technologies for oxidized iron ore beneficiation.
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The present-day iron ore beneficiation tech-
niques for the production of iron ore are very low-
efficient if apply to highly oxidized iron ore. The
ore components of oxidized ferruginous quartz-
ites (hematite-goethite, goethite, and red dirt) are
mainly dispersed nonmagnetic phases, hematite
and iron hydroxides (hydro-hematite, goethite,
and limonite) which practically cannot be benefi-
ciated using traditional methods. These ores are
piled, occupy large areas, and adversely affect the
environment. Therefore, the development and in-
troduction of new energy efficient techniques for
beneficiation of such iron ores can significantly
raise the profitability of the use of oxidized iron
ores for producing iron ore concentrates and for
addressing the environmental problems of the
iron ore bearing regions.

The creation of new technological methods for
oxidized ferruginous quartzite beneficiation is
among the priority pressing problems. To address
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this problem, extensive researches have been be-
ing conducted throughout the world. Among
the possible solutions, there is the development
of new technologies for magnetization of non-
magnetic component of oxidized iron ores for the
purpose of its further beneficiation by magnetic
separation [1].

In this regard, a promising direction is the of
study characteristics of structural transforma-
tion of iron oxides and oxy-hydroxides.

This research is aimed at studying the trans-
formation of hematite and goethite into strong
magnetic minerals under the influence of tem-
perature, in the presence of starch.

MATERIALS AND RESEARCH METHODS

The main experiments were performed on two
samples of materials: 1) rich hematite-containing
ore and 2) synthetic goethite obtained using the
method described in [2].

For studying the structural transformations
and magnetic properties the original samples were
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Fig.1. X-ray pattern of original hematite-containing ore
sample
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Fig. 2. X-ray pattern of original synthetic goethite sample
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Fig. 3. X-ray pattern of hematite-containing ore after
magnetization

thoroughly mixed with 3% starch and placed in
quartz mini-reactor, then heated and cooled at a
rate of about 60—70 °C per minute. The samples
were heated up to a temperature of 650 °C.

The sample characteristics before and after
magnetization have been studied using meth-
ods of magnetometry (a magnetometer with
Hall sensors), X-ray diffraction (DRON-3M),
and thermomagnetic analysis (a device for ther-
momagnetic research that enables automatic reg-
istration of sample magnetization depending on
temperature).

RESULTS AND DISCUSSION

The analysis of X-ray diffractograms makes it
possible to identify the phase composition of ini-
tial samples. The reflections in the diffraction pat-
tern of the first sample (Fig. 1) indicate the pres-
ence of hematite and quartz traces in the sample.
The corresponding values of d and indices of re-
spective planes for hematite are as follows: 3.687
(012);2.701 (104); 2.521 (110); 2.209 (113); 1.843
(024); 1.696 (116); 1.601 (122); 1.488 (214); and
1.455 (300) and for quartz: 3.349 (011).

The reflections in the diffraction pattern of
the second sample (Fig. 2) correspond to pure
goethite. The respective values of d and plane indi-
ces are as follows: 5.039 (020); 4.201 (110); 2.706
(130); 2.462 (111); 2.194 (140); 1.726 (221); 1.566
(231); 1.514 (151); and 1.455 (241). The widened
diffraction peaks for sample 2 mean that synthetic
goethite particles are finely dispersed.

The saturation magnetization of both initial
samples is M_ <1 A - m*/kg.

Having been heated in the presence of starch to
a temperature of 650 °C and cooled subsequently
the original samples change their properties signif-
icantly. Their color changes from brown to black.

According to X-ray phase analysis (Fig. 3) it has
been established that after transformation of hem-
atite-containing ore sample, in addition to quartz
(3.349 (011)) and hematite (3.678 (012); 2.69
(104); 2.29 (006); 2.206 (113); 1.84 (024); 1.484
(214); and 1.454 (300)) a new phase of magnetite
appears (4.848 (111); 2.969 (220); 2.53 (311); 2.42
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Fig. 4. X-ray pattern of synthetic goethite after
magnetization
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Fig. 5. The magnetization curves of magnetized hematite
ore (a) and goethite (b). M is magnetization of the sample; B
is magnetic field
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(222); 2.099 (400); 1.69 (422)); and 1.61 (511)).
After processing the synthetic goethite sample by
the above described method, the goethite reflec-
tions disappear, with new reflections typical for
magnetite coming out (4.848 (111); 2.969 (220);
2.532 (311); 2.426 (222); 2.099 (400); 1.714 (422);
1.617 (511); and 1.485 (440)) (Fig. 4).
Magnetization curves of transformed samples
are showed in Fig. 5. The saturation magnetiza-
tion of hematite-containing ore and synthetic
goethite samples has been showed to reach 51 A x
x m?/kg (Fig. 5, @) and 68 A - m2/kg (Fig. 5, b),
respectively, after incubation with starch. One
can see that having been heated in the presence
of starch the samples transform from weak into
strong magnetic materials. It is likely that the
rate of increase in sample magnetization depends
on the initial content of weak magnetic minerals.

CONCLUSIONS

1. A relatively simple and cost-effective way to
transform the weak magnetic minerals (goethite,
hematite) into the strong magnetic one (magnet-
ite) has been developed.

2. The structure and magnetic properties of
hematite ore and finely-dispersed goethite are
transformed by heat treatment in the presence
of bio-reducing agent (starch) within the range
of temperature from 300 to 600 °C. Having been
treated in this way the weak goethite and hema-
tite phases have been showed to transform into
the strong magnetic magnetite phase.

3. The new data on transformation of the struc-
ture and magnetic properties of weak magnetic
oxides and hydroxides into strong magnetic ox-
ides can be used for addressing problems related
to processing of oxidized iron ores in Kryvyi Rih
region and disposal of man-made iron ore depos-
its (waste dumps, tailing pits) and environmen-
tal problems caused by the contamination of the
Kryvyi Rih region by superfine oxides and hy-
droxides of iron.

The research was implemented within the frame-
work of R&D project of the NAS of Ukraine no.11,
in 2013.
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O.M. Ilonomapenxo, O.b. Bpux, H.O. /lyouenxo, O.0. FOwwun

IncTuTyT Teoximii, MiHepasorii Ta py/10yTBOpEHHS
iMm. MLII. Cemenenka HAH Yxpainu, Kuis

CIIOCIB ITEPETBOPEHHSA CIABOMATHITHUX
MIHEPAJIIB (TEMATUT, TETUT)

Y CUJIbHOMATHITHUI MIHEPAJT (MATHETUT)
JUTA TIABUIIEHHA EOEKTMBHOCTI
TEXHOJIOTTIA 3BATAYEHHSA OKNCJIEHNX
SAJIISBHUX PY]]

P03po6JieHO HOBY BiTHOCHO IIPOCTY METOAMKY HEPETBO-
peHHs1 cJIabOMArHiTHUX MiHepasiB (Ie€TUT Ta TeMaTuT) B
cubHO-MarHiTHUH (MarHeTuT). [TokasaHo, 1110 nepeTBopeH-
HS CTPYKTYPH Ta MarHITHUX XapaKTePUCTUK FeTUTY Ta TemMa-
TUTY peai3yloTbCs B MPUCYTHOCTI KPOXMAJIIO 3a BiZIHOCHO
Hu3bKuX Temueparyp (B aianazoni 300—600 °C). Orpumani
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pesyJIbTaTH HAal0Th HOBI MOKJIMBOCTI /171t pO3POOKH ehek-
TUBHUX TEXHOJIOTTH 30araueHHs OKUCICHNX 3a/Ii3HUX PYL.

Knwouoei ciosa: MarueTut, reMaTUT, T€TUT, TEPETBO-
PEHHS CTPYKTYPU.

A.H. Ilonomapenxo, A.b. bpux, HA. /lyouenxo, A.A. Owun

VHCTUTYT reOXUMUY, MUHEPAJIOTHU U PYA000Pa30BaHMst
nMm. ML.II. Cemenenka HAH Ykpaunsl, Kues

CIIOCOBLB ITPEBPAIIEHVA CIABOMATHUTHDBIX
MUHEPAJIOB (TEMATUT, TETUT)

B CUJIbBHOMATHUTHBI MUHEPAJI (MATHETUT)
JUIA TIOBBIIMEHNA 9OOEKTUBHOCTHI
TEXHOJIOTU OBOTAIIIEHNS OKMCJIEHHBIX
JKEJIESHBIX PY]]

Pazpaborara HoBasi OTHOCUTEIBHO TTPOCTasi METOJIMKA TTpe-
BpAIIEeHUsT CIAG0MAaTHUTHBIX MUHEPAJIOB (TETUT ¥ TEMATUT) B
CUJTBHOMArHUTHBIN (MarHeTnT). [lokazano, 4To mpeBpareHs
CTPYKTYPBI I MATHUTHBIX XapaKTEPUCTUK TeTHTA W FeMaTHTa
PETN3YIOTCSI B TIPUCYTCTBUH KPaxMaJia TIPU OTHOCUTEJIBHO
HU3KHNX Temreparypax (B auamnazone 300—600 °C).

[Tosydennsle pe3ysbraThl OTKPBIBAIOT HOBBIE BO3MOXK-
HOCTH st Pa3paboTKi A GEKTUBHBIX TEXHOJIOTHH 06ora-
ITIEeHNST OKVCIEHHBIX JKeJIe3HBIX PY/I.

Knwoueevie cnos6a: MarHeTuT, TeMaTHT, TETUT, IPeoOpa-
30BaHUS CTPYKTYPBI.
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