Journal of Mining and Geological Sciences, Volume 62, Number 2, 2019

ANALYSIS OF SELECTIVE DESTRUCTION CRITERIA OF IRON ORES USING
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ABSTRACT. The paper considers the process of selective pre-destruction of interphase boundaries in iron ores by using magnetic pulse treatment. When analysing
the stress-strain state and viscous fracture, the relative similarity of the fracture criteria in the main minerals of iron ores due to magnetostrictive deformation of
magnetite grains is shown. It has been established that the strength and toughness of the destruction of magnetite exceeds the analogous properties of calcite in the
composition of skarn iron ores, the strength and toughness of quartz fracture exceeds the analogous properties of magnetite. A difference in the character of the
destruction of skarn ores and ferruginous quartzites is presented. The criterion for estimating the degree of softening of interphase boundaries in iron ores due to the
magnetic-impulse action based on the probabilistic approach is formulated. A theoretical estimate is made of the degree of selective softening of iron ores under
magnetic pulse treatment, considering the strength and magnetostriction properties of magnetite. The results of experiments on nanoindentation of interphase
boundaries before and after magnetic pulse treatment are presented. By analysing the lengths of developing microcracks under the influence of a nanoindenter, the
possibility of reducing the fracture toughness after a magnetic pulse treatment of iron ore is shown.
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PE3IOME. PasrnesaH € npouechbT Ha u3bupaTenHo npeaBapuUTernHO paspyllaBaHe Ha Mexayda3oBuTe rpaHuLM B Xensi3HaTa pyda C MOMOLLTA Ha MarHUTHO-
umnyncHa obpaboTka. Mpu aHann3a Ha HanperHaTo-4eOpPMUPAHOTO CLCTOSHIE W BUCKO3HOTO pa3pyllaBaHe Ce OTKpWBA OTHOCUTENHO CXOACTBO Ha KpuTepuuTe 3a
paspyluaBaHe B OCHOBHUTE MWHEpanM Ha Xens3Hata pyga, nopagy MarHUTOCTPUKTMBHATa AedopMaLyst Ha 3bpHaTa MarHeTUT. YCTaHOBEHO e, Ye SIKOCTTa W
M3OPBHXIMBOCTTA HA pa3pyllaBaHe Ha MarHeTUTa HA[BMLLABAT CXOLHWTE CBOMCTBA HA KanuuTa, KaTo AKOCTTAa HA paspyllaBaHe Ha KBaplLa HafBuLIaBa CXOQHUTE
CBOWCTBA Ha MarHeTuTa. [peficTaBeHa e pa3nukaTa B HAYMHA Ha pa3pyLlaBaHe Ha CKapHOBMTE pyau U kenesHuTe ksapuuTu. GopmynupaH e KpuTtepuii 3a oLeHka Ha
CTEMEeHTa Ha OMEKBaHe Ha Mexayha3oBuUTe rPaHULM B Xens3HaTa pyaa, No4 MarHUTHO-UMMYTCHO Bb3aeicTame. M3BbplueHa e TeOPETUYHA OLiEHKa Ha CTeneHTa Ha
136MpaTenHo OMEKOTSIBaHe Ha Xens3HaTa pyaa Mo BpeMe Ha UMMyncHo-mMarHuTHa obpaboTka, kaTo ce B3emaT MpedBuA SKOCTHUTE W MArHUTHU CBOWCTBA Ha
marHeTuTa. MpefcTaBeHu ca pe3ynTtatuTe OT eKCNepPUMEHTUTE MO HAHOWHAMKALMS Ha MeXaydhasoBuTE rpaHULM Npeau u Cnea MarHUTHO-MMMYNCHO obpaboTBaHe.
Ypes aHanuavpaHe Ha AbMKUHUTE HA 0Dpa3yBalLuTe Ce MUKPOMYKHATUHW MOL Bb3AEACTBMETO HA HAHOMHAEHTOP CE LEMOHCTpUPa Bb3MOXHOCTTA 3@ HaMarsBaHe
Ha M3OPBHKNMBOCTTA HA NYKHATUHATA CeA MarHUTHO-UMMYNCHOTO 06paboTBaHe Ha xensisHaTa pyaa.

KntoyoBm pymu: 06paboTka Ha MUHEpany, XensaHa pyaa, MarHuTHo-umnyncHa obpabotka

Introduction separation according to physicochemical characteristics
(Gutsche, Fuerstenau, 2004; Mwanga et al., 2017). Non-
The whole technological process of ore preparation for mechanical methods of energy impact are very promising in
enrichment is aimed at the development of conditions that order to overcome the persistence of ores and intermediate
ensure maximum extraction of the useful component and products, the disclosure of finely disseminated mineral
minimise all possible resources (Curry et al., 2014). Inorderto ~ complexes (Usov, Tsukerman, 2000). .
optimise the extraction of the useful component, it is necessary With a comparable size of grinding, ore and non-metallic
to perform ore b|ending propeﬂy’ then the mixture should be minerals of hardly-rich ores are revealed to a lesser extent with
passed through all the necessary crushing and grinding stages respect to averagely and easily enriched ores. A lower amount
to a particle size corresponding to the grain of the useful of free ore grains and an increased amount of phenocrysts
component and only then it should be extracted by physical or ~ should be noted for the hard iron ores (Clout, Manuel, 2015).
chemical method optimal for this technology (Clout, Manuel, The influence of mineralogical and petrographic factors on
2015). the enrichment is manifested in the nature of the structural
When minerals are enriched, the main role of disintegration features and correlation relationships of the material
consists in the complete disclosure of mineral intergrowths with ~ composition and ore structure parameters with the enrichment
the formation of free grains of components for their subsequent indices (Jankovic, 2015).
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Objects and research methods

The object of research is the process of ore preparation
using preliminary magnetic pulse treatment (MPT). Research
methods are based on the theoretical comparison of the
criteria for the destruction of known power models, including
the energy criteria for the destruction of the Balandin theory
and the theory of viscous fracture by Irwin. Experimental
studies are based on the analysis of cracking process by the
method of nanoindentation.

Results and discussion

It is known that the softening effect of magnetic pulse
treatment (MPT) can be determined by a number of physical
phenomena, such as the magnetostriction of magnetite grains,
the inverse non-metallic phase piezoeffect (for ferruginous
quartzites), the movement of charged dislocations, etc.
(Golovin et al., 1997; Ananiev et al., 2008; Plotnikova, 2013).

MPT is carried out as an intermediate operation of ore
preparation before mechanical grinding. Thus, the
development of fracture cracks under the action of mechanical
loads, at the stage of crushing and grinding, is largely
determined by the elastic-plastic properties of the rock. The
selectivity of destruction will be determined by the degree of
softening of ore and non-metallic phase fusion boundary.
Therefore, the magnitude of the contact stresses generated by
the MPT at the boundary of ore and non-metallic phases is of
great importance.

The criterion of destruction according to the Balandin
theory (Karkachadze, 2004) has the following form:
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where 01, 02, 03 — main stresses;

Oten., Ocom — the limits of tensile and compressive strength.
During magnetostrictive  volumetric  deformation  of

magnetite grain at the phase separation boundary,

compressive contact stresses arise in the radial direction Gcont.

and tangential tensile stresses, the magnitude of which is two

times less than the contact stresses. Then the criterion of

destruction will take the following form according to Balandin

theory:
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where Ocont is the magnitude of contact stresses at the
boundary of the ore and nonmetallic phase caused by
magnetostrictive deformation of grain.

If condition (2) is fulfilled, complete destruction will occur at
the phase separation boundary. In case of non-fulfilment of the
condition (2), partial softening of the boundaries may occur.
Table 1 shows the values of critical contact stresses for the
main minerals of iron ores.
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Table 1. The value of the critical contact stress for various
minerals

Mineral o The value of
Ne Ocom, MPa e | critical contact
name MPa
stress
1 | Magnetite 52 14 17.99
2 | Quartz 120 21 33.47
3 | Calcite 16 4 5.33
4 | Hematite 30 6 8.94

It should be noted that the strength characteristics of rocks
and minerals determine the conditions for the destruction of the
massif, but do not fully characterise such technological
properties as, for example, grindability. This is due to the fact
that when an array is subjected to critical loads, a macrocrack
develops, the length of which is many times greater than the
characteristic size of the mineral grain (Winiarski, Guz, 2008).
During crushing and grinding multiple acts of destruction take
place. Thus, the disintegration process is characterised by the
energy costs for the newly formed surface. So, for example,
the Rittinger criterion is used, which characterises the amount
of energy costs for destruction directly proportional to the
newly formed surface (Bilenko, 1984; Lojkowski, Fecht, 2000):
the energy costs for the newly formed surface are
characterised by the value of y (J/m2) - the energy of the newly
formed surface unit. The value of y is related to the fracture
toughness (Irwin coefficient) and mechanical properties as
follows (Karkachadze, 2004; Winiarski, Guz, 2008; Arutyunyan,
Arutyunyan, 2014):

-(1— % ) K?
Y=

2-E
where E is the mineral elasticity modulus;

K - the coefficient of fracture toughness by Irwin, N/m32
v — Poisson coefficient.

Table 2. Calculated values of the specific energy of the newly
formed surfaces for various minerals

. E, K, 108
Ne | Mineral name v MPa | Nim32 | ¥ Jim?
1 Magnetite 0.3 215 1.25 3.3
2 Quartz 0.08 96.4 1.6 13.2
3 | Calcite (skarn) 0.3 83 0.75 3.1
4 Hematite 0.14 212 1.8 75

On the basis of the studies cited in (Goncharov et al.,
2006), Table 2 shows the calculated values of the specific
energy of the newly formed surface - y for individual minerals.

Let's compare the fracture criteria for various minerals
according to Balandin and Irvine’s theories. At that, let's take
the properties of magnetite as a standard unit. The comparison
results are shown in Table 3.
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Table 3. Comparison of the mechanical properties of minerals
with respect to magnetite according Balandin and Irvine’s

criteria
Balandin’s Irvine’s
Ne | Mineral name criterion criterion
0'cr./0'cr.mag. Y/Y mag-
1 Magnetite 1 1
2 Quartz 1.86 3.99
3 Calcite 0.30 0.93
4 Hematite 0.50 2.27

The analysis of the table shows that the difference of the
main mineral strength properties according to Balandin and
Irvine's criteria have the same character with respect to the
properties of magnetite.

As was shown in (Goncharov et al., 2006; Gridin,
Goncharov, 2009) the maximum magnitude of the
magnetostrictive deformations of magnetite makes A = 0.6 x
10-4 and is insufficient for the occurrence of critical contact
stresses. Therefore, MPT can only provide selective
prefracture of ore and non-metallic phase fusion boundary.

Prefracture may begin when plastic deformations occur in
the weakest points of mineral fusion zones in a rock
(Lojkowski, Fecht, 2000). As a rule, this occurs at the loads of
0.4-0.66 of the critical stress value (Lavrov et al., 2004;
Shatemirov, Tilegenov, 2006; Arutyunyan, Arutyunyan, 2014).

Then we assume that the degree of weakening is
determined by the following formula:

ko

O, cr.

W = —cont. —

Oy, — kGcr.

(4)

Let's assume that k is in the range of 0.4-0.66 of acr,
which allows us to estimate the degree of intergranular
softening (Goncharov et al., 2006). The calculated values of
softening degree of softening lies in the range from 0 to 20%.

Table 4. Results of ferruginous quartzite nanoindentation with
MPTs and without MPTs

Sample | Processing Ice‘rnailr(\ c Coroc/ A=(Kcproc)/

Ne type mc% ' Ceont (KC cont)
Control
(without 29543 *

1 processing) ' 1.12 1.19
MPT 1 3?"1'121
Control
without | %29%

2 processing) ' 1.01 1.02
MPT 2 322'47*
Control
without | %95%

3 processing) ' 1.07 1.11

MPT 3 290'5 *

In (Turin et al., 2013), were shown the results of
ferruginous quartzite magnetic pulse treatment influence
studies on the fracture toughness coefficient at the magnetite
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and quartz fusion boundary. The evaluation of fracture
toughness coefficient (Kc) at the phase boundary was carried
out by nanoindenter introduction into the region of magnetite
and quartz fusion (Turin et al., 2016).

The analysis of Table 4 results shows that the reduction of
the fracture toughness coefficient with MPT is from 2% to 19%.

Conclusions

The difference of basic mineral strength properties according
to Balandin and Irvine's criteria, with respect to the properties
of magnetite, are of the same nature. So, it is permissible to
use the Balandin's force model to analyse the nature of
selective destruction.

It was established experimentally that there is a decrease in
the fracture toughness coefficient within the range from 2% to
19% with MPT, which corresponds to the calculated estimate
according to the formula (4), with the following properties of
magnetite: magnetostrictive deformation A = 0.6 x 104, ultimate
compressive strength 0com, = 52 MPa, tensile strength Oten. =
14 MPa.

References

Ananiev, P. P, O. M. Gridin, A. S. Samerchanova. 2008.
Interrelation of properties and electromechanical sensitivity
of natural minerals. — Mining informational and analytical
bulletin, 5, 184-189 (in Russian).

Arutyunyan, A. R., R. A. Arutyunyan. 2014. Application of the
Fracture Mechanics and Reliability Methods to the Fatigue
Problem. — Procedia Materials Science, 3, 1291-1297.

Bilenko, L. F. 1984. Regularities barrel grinding. Nedra,
Moscow, 200 p. (in Russian)

Clout, J. M. F., J. R. Manuel. 2015. Mineralogical, chemical,
and physical characteristics of iron ore. — Iron Ore, 45-84.

Golovin, Yu. |, R. B. Morgunov V. E. Ivanov. 1997.
Thermodynamic and kinetic aspects of the softening of
ionic crystals by a pulsed magnetic field. — Solid State
Physics, 39, 11, 2016-2018 (in Russian).

Goncharov, S. A, P. P. Ananiev, V. Yu. Ivanov. 2006.
Softening of rocks under the action of pulsed
electromagnetic fields. MSMU, Moscow, 91 p. (in Russian)

Gridin, O. M., S. A. Goncharov. 2009. Electromagnetic
processes. MSMU, Moscow, 498 p. (in Russian)

Gutsche, O., D. W. Fuerstenau. 2004. Influence of particle size
and shape on the comminution of single particles in a
rigidly mounted roll mill. — Powder Technology, 143, 186—
195.

James, A. C., M. J. L. Ismay, G. J. Jameson. 2014. Mine
operating costs and the potential impacts of energy and
grinding. — Minerals Engineering, 56, 70-80.

Jankovic, A. 2015. Developments in iron ore comminution and
classification technologies. — Iron Ore, 251-282.

Karkachadze, G. G. 2004. Mechanical destruction of rocks.
MSMU, Moscow, 222 p. (in Russian)

Lavrov, A. V., V. L. Shkuratnik, Yu. L. Filimonov. 2004.
Acousto-emission memory effect in rocks. MSMU,
Moscow, 456 p. (in Russian)



Journal of Mining and Geological Sciences, Volume 62, Number 2, 2019

Lojkowski, W, H. J. Fecht. 2000. The structure of
intercrystalline interfaces. — Progress in Materials Science,
45, 5-6, 339-568.

Mwanga, A., M. Parian, P. Lamberg, J. Rosenkranz. 2017.
Comminution modelling using mineralogical properties of
iron ores. — Minerals Engineering, 111, 182-197.

Plotnikova, A. V. 2013. Resource-saving technology for
processing refractory ores based on the magnetic-impulse
action. — Bulletin of higher educational institutions. Ferrous
metallurgy, 9, 69-70 (in Russian).

Shatemirov, D. K., K. T. Tilegenov. 2006. Features of acoustic
emission in the relaxation of rocks. — Bulletin KRSU, 6, 7,
51-55 (in Russian).

Turin, A. 1., A. M. Kupryashkin, P. P. Ananiev et al. 2013.
Softening of interfaces ferruginous quartzite under the
influence of magnetic pulse treatment. — Bulletin of

114

Tambov University. Natural and technical sciences, 18, 4,
1699-1700 (in Russian).

Turin, A. |, S. D., Viktotov, A. N. Kochanov et al. 2016.
Investigation of the strength properties of individual phases
and interphase boundaries of complex multiphase
materials on the example of rocks. — Bulletin of Tambov
University. Natural and technical sciences, 21, 3. 1368-
1374 (in Russian).

Usov, A., V. Tsukerman. 2000. Prospective of electric impulse
processes for the study of the structure and processing of
mineral raw materials. — Developments in Mineral
Processing, 13, 8-15.

Winiarski, B., I. A. Guz. 2008. The effect of cracks interaction
for transversely isotropic layered material under
compressive loading. — Finite Elements in Analysis and
Design, 44, 4, 197-213.


https://elibrary.ru/contents.asp?issueid=1144547&selid=20330626

