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Purpose. The study of iron ore from the Anini opencast mine aimed to develop its mineral resources for use in the
metallurgical industry by ArcelorMittal Annaba (Algeria). The chemical, mineralogical and particle size analysis of rep-
resentative samples showed that the studied ore is of the hematite type of clay-siliceous gangue. The preliminary en-
richment was carried out based on specific properties of the iron ore.

Methodology. The characterization of the ore was carried out based on the sample analysis by means of X-ray dif-
fractometer (XRD), reflected light optical microscope, and scanning electron microscope of type SEM 7001F. The pre-
liminary mineral processing tests were carried out in a washing apparatus with the aim of removing the argillaceous

gangue from the external surface of iron ore particles.

Findings. A grain size analysis carried out on Ro-tap screening machine with a sample of 500g crushed to 5 mm
particle size showed that the release mesh of iron minerals is at about 0.5 mm. Iron content is in average > 50%. Its
weight in the output makes 70% of the total mass of the sample. The tests on preliminary mineral processing by wash-
ing showed encouraging results regarding iron content and recovery.

Originality. The originality of this research consists in the application ofthe washing process to clean external sur-
face of iron ore particles of the argillaceous gangue. The process suggested is inexpensive and very effective. The cost

of'a ton of the rich ore is low.

Practical value. Industrial application of washing method is very practical and simple-to-use. Light particles come
to the top and heavy particles of iron sediment. The argillaceous gangue can be utilized in cement factories.
Keywords: Algeria, iron ore, characterization, minerals processing, ferrous metallurgy, cement factory

Introduction. The mining industry plays a major role
in development ofa gross national product of the country.
Iron ore is the main raw material, 98% of this raw material
is used forsteel making having various areas ofapplication
and mainly in the manufacture of automobiles, in an air-
craft industry and building industry [1].

Iron ore is especially rich in iron oxides, and its color
changes from dark gray, luminescent-yellow, dark-violet,
to rubiginous, iron contains in it for the most part in the
form of magnetic iron ore (Fe;0,), a goethite, siderite or
hematite (Fezog)

Al-Hajar complex (“Arcelor Mittal Annaba”) is the on-
ly plant in Algeria that makes steel, its productivity abo-
ut one million tons per year, but it doesn't satisfy the Al-
gerian demand for steel, that is 5 million tons. For com-
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pletion of this deficiency Algeria and Qatar created the
joint company in 2012 for the construction of a metallur-
gical complex in Bellara (Jijel) with a productivity of
5 million tons per year, this project reflects country’s
commitment to the development of this branch.

In the east of Algeria, in Setif vilayet, hematite iron ore
from Anini supplies industrial group of cement production
of Algeria (IGCA), but its mineral composition hinder the
use in metallurgical industry, in particular, because of very
high content of silicon dioxide and alumina [2] that creates
serious technological problems at agglomeration and the
subsequent melting in a blast furnace: the high content of
alumina and silicon dioxide in iron ore leads to formation
of viscous slag during melting that demands the increased
fuel consumption (coke) and reduces productivity [3,4].

In order to stand up to this problem connected direct-
ly with natural characteristics of mineral raw materials,
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hematite iron ore with dead clay and silicon rock has to
be previously enriched, for improvement ofits quality.

Commercially the content of alumina and silicon diox-
ide is reduced by means of technological processes of grav-
imetric sorting (hydro-cyclone); the result is the headings
containing 64% of iron, 1.4% of silicon dioxide and 3.5% of
alumina turns out from 57% of iron, 4% of silicon dioxide
and 8.3% of alumina [4].

Sorting by means of hydro-cyclone with the subse-
quent magnetic separation at the high current (intensity)
is used for enrichment of hematite on many India mines
(Barsua, Bolani and Kiriburu) [5-7], also the process of
clotting is used for content of silicon reduction of the di-
oxide and alumina, thus prominent results concerning
percentage and recuperation [8-10] are achieved.

It is necessary to define physical and chemical, min-
eralogical characteristics of iron ore in order to achieve
defined goals and to select mineral processing.

Materials and Methods. Ore sampling. Djebel Anini
minefield is located in the karst cavities in limestones ofthe
cenomano-turonian period; it consists of the ferriferous mix
including a stony complex of loose hematite.

The sample of iron ore weighing 50 kg with the maxi-
mum diameter of 250 mm is selected on open mining on
exit from primary gyratory cone breaker, the protocol of
sampling is realized to prepare samples, intended for defi-
nition of physical and chemical characteristics.

Screen chemical testing of iron ore from Anini. The
screen test of ore which is carried out on Rotap screen al-
lowed defining the proportions relating to each particle-siz
fraction forming primary sample (fig. 1). The results ob-
tained by means of this test (table 1) show dynamics of
composition in mass percent and the content of iron in var-
ious granulometric fractions.

Table 1
Results of particle size analysis of the iron ore
crushed to 5 mm
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Fig.1. Particlesize analysis of Aniniiron ore
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Fig. 2. Evolution of the levels of (Fe,O;, AL,O; and
Si0,) of the studied iron ore

Self-fluxing character: basicity index. The proportions
(Ca0/Si0,) or (CaO + M g0)/ (SiO, + Al,03), which are named
as basicity indexes, allow to distinguish siliceous, calcare-
ous or self-fluxing ores (table 2). Besides, according to
Al,05/Si0, proportion, classify the ore such as high-alumi-
nous, aluminous or not aluminous ore. Ig = (CaO + MgO) /
(SiO; + ALO3), Ip = ALO;/ SiO,, Ip = CaO / SiO,.

Chemical characterization of mineral oxides from
Anini. The chemical analysis by means of atomic absorpti-
on spectrophotometry was carried out on fractions, the co-
mposition in mass percent of which is prevailing; the obtain
results are specified in fig. 2. In particular, excessive per-
centage of quartz and alumina, respectively 26.20% and
12%, is noted, it means that this type of iron ore contains
mainly siliceous and clay rock. In this connection it would
be interesting to enrich this type of ore for the purpose of
preliminary enrichment by means of mineral processing,
based on a difference of properties of minerals and rock.
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Size Mass | % By mass | Content | Cumulated
fractions (2 (%) of Fe;0;3 | Refusal Table 2
(mm) (%) (%) Values of the basicity index
>4 100.86 20.17 62.01 20.17
4+2 163.57 32.71 59.26 52.88 Fraction, | Global basicity | Partialbasici- | Partial basici-
2+ 86.30 17.27 51.66 70.15 mm index (Ig) ty index ty index
-140.5 61.32 12.26 46.98 82.41 Ip = (AL,O3/ Ip=(CaO/
0.5+0.25 41.92 8.38 46.74 90.79 Si0,) Si0,)
0.25+0.125 24.68 4.94 47.55 95.73 Supply 0.06 0.47 0.06
.125+0.063 13.26 2.65 47.02 98.38 > 4 0.06 0.43 0.05
0,003+0.04 5 375 0.75 45.43 99.13 -4+ 2 0.07 0.44 0.06
<0.045 4.34 0.87 45.38 100 2+1 0.05 0.47 0.05
Total 500 100 <1 0.07 0.44 0.05
Average 0.06 0.45 0.05

Ore mineralogy. Ore samples subjected to supervision
under an optical microscope with the reflected light, showed
existence of the main following minerals:

Hematite: is present as knobby or band-like form with
goethite, with color from white to white-gray, with weak re-
flective power, the mineral is anisotropic having greenish
appearance (fig. 3).

Goethite: is different because of special colloform form,
sometimes goethite has skeletal structure, grayish-white co-
lor, with rather low reflective power. In the polarized light
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anisotropy is pure having bluish appearance, often it is fo-
und in connection with hematite (fig. 4).

Calcite: the most prevailing, it is often presented as wide
range of gray color with low reflective power; this mineral
is anisotropic having yellow-white appearance. Internal ref-
lection is insignificant (fig. 5).

Barite: is presented as wide range of gray color varying
over chestnut with rather low reflective power, this mineral
anisotropic having appearance from white to white-gray, it
possesses structures with trigonous separations in the natural
light (NL) (fig. 6).

The mineralogical analysis which is carried out by
means of X-ray analysis (XRD) allowed to confirmthe mi-
neral composition ofthis ore determined by means of X-ray
analysis (XRD)is specified in fig.7, it is noted an optical mi-
croscope. Results of the analysis by means of that the min-
eral phase observed in the majority, presented by hematite-
quartz-clay with some inclusions of calcite.

Fig. 4. Goethite of Collomorphe structure (NL)

Fig. 5. Calcite associated with hematite (PL): PL — polar-
ized light
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Fig. 6. Barite cracked with triangular pits (NL)

The mineralogical analysis which is carried out by
means of X-ray analysis (XRD) allowed to confirmthe mi-
neral composition ofthis ore determined by means of X-ray
analysis (XRD)is specified in fig.7, it is noted an optical mi-
croscope. Results of the analysis by means of that the min-
eral phase observed in the majority, presented by hematite-
quartz-clay with some inclusions of calcite.
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Fig. 7. Spectrumofa sample of Anini iron ore (Setif) ob-
tained by X-ray diffractometer

The analysis by means of the scanning electron mi-
croscope (SEM) and energy-dispersive X-ray spectros-
copy (EDX). There were prepared cakes with size of (2—
6 mm) which were surveyed by means of the scanning
electron microscope (SEM) of SEM 7001F type later. This
analysis, in combination with the global chemical micro-
analysis by energy-dispersive X-ray spectroscopy (EDX),
allowed to determine a chemical composition of a miner-
al matrix of the sample [11].

There is micrography of mineral particles with a di-
ameter about 100 pm, obtained by means of the electron-
ic scanning microscope, represented on the fig. 8. The
analysis of this sample shows that hematite is the most
dominating mineral, goethite represents a minority phase,
and also there are traces of calcite and quartz.

There is a sequence ofthe analysis, which is carried out
by means of the electronic scanning microscope, the pur-
pose of which is the exact supervision by means of SEM
that shows structure in microscopic scale fromthe prevail-
ing elements (O, Fe) and less numerical (Si, Al) on the fig. 9.
As for oxygen, its corresponding presence is proved by that
it participates in structure of Fe,03, ALOs, and SiO,.

Afterimplementation of various methods ofthe analysis
and determination of characteristics, it has been found that
the studied ore contains generally hematite iron with clay
and siliceous rock, at this type of ore calcite is seldom pre-
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sented. Therefore improvement of this type of ore is rec-
ommended for the purpose of compliance to strict metallur-
gical standards.

Fig. 8. Observation by scanning electron microscopy
(SEM): He — Hematite; Go — goethite; Ca — calcite;
Qa — quartz

Studying of preliminary enrichment of iron ore from
Anini: washing (deslimation). On the basis of the obtain
results of size and chemical characteristics, it has been fo-
und that the proved iron ore on average consists 0f26.20%
of SiO, and 12% of AL,O;. The choice of a suitable method
of ore treatment depends on its use, on an industrial scale,

and on the acceptable cost, taking into consideration the li-
miting environment conditions.
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Fig. 9. X emission electron Analysis

Before purification of ore it is necessary to carry out the
operation of washing (deslimation) for the purpose of re-
moval of the pollutants and substances enveloping a surfa-
ce of a mineral particle [6, 12].

The particle-size fractions prepared by means of screen
separation are under tests of washing (table 3). The wash-
ed-out samples are dried up in the furnace at 105°C, and
then crushed in a disk crusher; then they are investigated by
means of x-ray fluorescence and atomic absorption spectro-

scopy.

Table 3

Wash Test Results of iron ore (200 g sample)

Fraction, Refusal (g) % By mass (%) Passed (g) % By mass (%)
mm 1™ test 2" test I test 27 test 1™ test 2™ test I test 2" test
>4 144.50 145.60 72.25 72.80 55.50 54.40 27.75 27.20

-4+2 132.77 117.39 66.38 58.70 67.23 82.61 33.62 41.30
-2+1 111.43 109.35 55.72 54.68 88.57 90.65 44.28 45.32
<1 107.01 104.93 53.51 52.47 92.99 95.07 46.49 47.53

According to the results obtained by atomic absorption
spectroscopy after washing, it makes it clear that the per-
centage ofclay is essentially decreased, it is also noted that
the content of iron in the washed-out ore is 61.57%, but
not 55%.

Besides, the content of silicon dioxide in the
washed-out ore decreases and varies from 26.20 to
2.30%, and content of Al,O; varies from 12 to 3%. It
confirms that owing to washing (deslimation) the es-
sential results were achieved (table 4).

Table 4
Wash Test Results of Anini's iron ores
Fraction . .
 (mm) Samples washing Fe;03 SiO, | ALOs CaO | MnO | ZnO | K;O | MgO | SOs CuO Pb | P,0s
1 Concentrated | 62.65 2.81 3.12 2.90 | 0.01 | 0.24 | 0.01 0.65 | 0.48 [0.005 | 0.48 | 0.03
>4 Rejected 20.57 |136.89 | 10.22 3.50 | 0.09 0.09 0.20 0.25 0.36 10.009 | 0.18 | 0.26
5 Concentrated | 61.51 2.21 3.87 2.40 | 0.01 0.19 | 0.01 0.72 | 0.18 [0.004 | 0.41 | 0.02
Rejected 18.19 | 39.56 9.98 496 | 0.02 0.11 0.21 0.28 0.26 10.010 [ 0.17 ] 0.28
| Concentrated | 61.28 2.01 2.86 2 0.01 0.19 | 0.01 0.65 | 0.25 [0.004 | 0.44 | 0.01
442 Rejected 16.71 |35.86 | 10.33 3.79 | 0.10 | 0.13 0.19 | 0.21 0.46 |0.008 [ 0.18 | 0.34
N Concentrated [ 62.08 2.54 2.92 2.95 1 0.01 0.21 0.01 0.55 1.04 10.004 [ 0.45 ] 0.02
Rejected 19.31 3097 | 12.77 446 | 0.10 | 0.10 | 0.18 | 0.21 1.40 10.008 | 0.20 | 0.18
| Concentrated | 61.40 2.09 3.15 2.35 1 0.09 | 0.12 | 0.19 | 0.63 0.71 10.082 | 0.18 | 0.03
24 Rejected 16.03 | 36.81 | 10.12 429 10.10 | 0.12 | 0.18 | 0.21 0.34 10.008 | 0.17 | 0.22
5 Concentrated | 61.28 2.16 3.16 2.18 | 0.02 | 0.18 | 0.01 0.74 | 0.72 [0.003 | 0.43 | 0.04
Rejected 15.60 |39.44 | 11.33 4.82 ] 0.02 0.19 0.01 0.04 0.67 10.003 | 0.46 | 0.31
1 Concentrated | 61.25 2.57 3.22 2.85 | 0.03 0.21 0.01 0.62 | 0.99 [0.004 | 0.15 ] 0.02
<1 Rejected 1491 |38.89 | 10.80 4.79 1 0.09 | 0.11 0.18 | 0,25 | 0.18 [0.008 | 0.46 | 0.26
) Concentrated | 61.14 2.52 2.89 2.75 ] 0.03 0.21 0.02 0.71 0.48 10.004 | 0.46 | 0.03
Rejected 16.74 | 40.56 9.98 4.79 1 0.09 | 0.08 | 0.18 | 0.21 0.34 10.004 | 0.16 | 0.28
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Determination of basicity index after ore washing.
The parameter of a basicity indexis absolutely essential as
it expresses criterion of practicability which demands con-
firmation of efficiency of a method of treatment to direct
ore for use in metallurgy. Proportions of lime and silicon
dioxide have to be in proportion of CaO/SiO, which, as a ru-
le, is from 1 to 1.5. Please, be aware that values of basicity
index, indicated on table 5, are given in recommended in-
terval.

Table 5
Values of the basicity index

Global basicity | Partial basici- | Partial basicity
Fraction index (Ig) ty index index
( mm) Ip =(Al1,03/ | Ip=(Ca0/Si0y)
Si0,)
>4 1.11 1.43 1.05
-4+2 0.58 1.28 1.08
-2+1 0.55 1.48 1.06
<1 0.61 1.39 1.10
Average 0.71 1.39 1.07

Deslimation Efficiency of ore study. Comparison of re-
sults ofthe chemical analyses obtained after application of
this method is decisive. In the retained material after opera-
tion of washing (fig.10, 11) the increase of iron content to
62%, and also essential decrease of silicon dioxide content
about 2.36% and alumina content which is 3.33% are ob-
served. The analyses ofresults provided in fig. 12, 13 show
high percentages of the silicon dioxide and alumina (37.37
and 10.69%) in a screen underflow after screening.
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Fig. 10. Contents evolution of (Fe;0;, SiO;and AL,O3) in the
sample washed with water (concentrate) of Test n° 1
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Fig. 11. Contents evolution of (Fe;O;3, SiO,and AL,O3) in the
sample washed with water (rejected) of Test n° 2
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Fig. 12. Contents evolution ofthe (Fe,03, SiO;and Al,O3) in
the sample washed with water (rejected) of Test n° 1
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Fig. 13. Contents evolution of (Fe;0;, SiO;and AL,O3) in the
sample washed with water (rejected) of Test n°2

Theresults of refraction of X-rays relating to the retai-
ned material and screenings after operation of washing (fig.
14,15) show that the rich retained material (concentrate)
mainly consists ofthe hematite containinginclusions of ge-
rmanium (Ge), the last one combines with barium in conse-
quence of which we have ore with a valuable chemical
composition (Ba, M g) Ge,Og, Whereas in screenings (rejecti-
on) there is a prevalence of the quartz containing a small
proportionate share of hematite.
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Fig. 14. Sample spectrum ofthe concentrate obtained af-
terwashing
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Fig. 15. Spectrum of a washed sample (rejected)

The results obtained in the time of carrying out prelimi-
nary tests on enrichment allowed achieving the research
goals for use in metallurgical industry at the minimum
cost, it is noted that such project can be realized on iron
mine of Anini, and by-products ofthis process can be used
by cements production. The scheme of preparation and en-
richment of ore is represented in fig. 16.

Supply
(0-250 mm)

The process of
settling

v

Rejected (10%
1 clay, 37% silica)

Washed concentrate
of Fe,0:(62%)

Metallurgical complex of
iron Arcelor-Mittal Annaba
Algeria

Industrial group of cement
production of Algeria (IGCA)

Fig. 16. Diagram of the proposed preparation for the
enrichment of Anini's iron ore

Conclusion. Research of mineral processing process
demands preliminary determination of physical and chemi-
cal properties ofore, for the best understanding of aspects
of natural characteristics of raw materials:

- in case ofthe research conducted concerning iron ore of
Anini it makes clear that the last one contains mainly ferrif-
erous hematite rocks with inclusions of quartz and clay;

- the screen chemical analysis of samples shows that the
material balance of iron ore is encouraging (efficiency, the
content ofiiron), the average content of iron is 55%, on the
otherside, percentage of SiO, and Al,0; also very remarka-
ble and reaches respectively 26.20 and 12% ;

- the mineralogical analysis by means of XRD confirms
that the prevailing observed mineral phase is hematite —
quartz— clay and some inclusions of calcite in this matrix;

- according to the tests which are carried out for this type
of ore, it has transpired that the last one can be a subject of
preliminary enrichment by means of washing (deslima-
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tion), it is noted that the reached content of iron is 62% in
comparison with 55% in not washed out ore (as-mined ore);
besides, the maintenance of SiO, and Al,O; in the washed-
out ore decreases from 26.20t02.30% of SiO, and from 12 to
3% of ALLO;;

- the calculated partial basicity index [Ip= (CaO/SiO,)]
averages 1.07,that shows that the washed-outore conforms
to use standards in metallurgy;

- the by-products remaining after washing (quartz, clay
and the small content of iron) can be used in cement pro-
duction.
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MeTa. JlocmimKeHHs 3aTi3H0T PY/IH, 1110 BUI00YBAETHCS
B Kap’epi ,,AHIHI", CIPAMOBaHE Ha PO3BUTOK MiHEPATHLHUX
pecypciB pOJOBHINA I BUKOPUCTAHHS B MeTaTypridHil
MIPOMHUCIIOBOCTI MMPHUEMCTBOM ,,Apcerop Mirranx AHHa-
6a“, Apkup. XiMIqHHH, TpaHyTOM eTPHYHUH i MiHEpaIoTid-
HUI aHaJi3 Mpo0 Mmokasye, Mo JOCTIDKyBaHa pyaa BiHO-
CHUTBCS JI0O TEMATHTOBOTO THITYy i MICTHTHCS Y DIMHUCTHX i
KPEMEHHCTHX JKIJIbHUX MOpoJax. i momepeHe 36araueH-
Hsl 3JIACHIOETHCS, BUXOSTYH 3 MUTOMHUX BIACTUBOCTEH LUX
3aJi3HUAX PYA.

MeTonuka. BusHaueHHS XapakTepHCTUK pyAH 3.iifc-
HIOBAJIOCSl HACTY THUMH M ETOJaMU aHaJIi3y po0: peHTreHO-
CTPYKTYpHHIA (peHTrenoaudpakuiiinuit) anamiz (XRD), crio-
CTEPEXKEHHS MM J3EPKATLHUM ONTHYHUM MIKPOCKOIIOM 1
PacTpOBUM €JIEKTPOHHUM Mikpockorom (PEM) monen SEM
7001F. docmimm 3 monepeaHporo 30aradeHHs Oy npoBe-
JIeH1 y TIPpOMUBAJIBHOMY IPHUCTPOT 3 METOIO BUIAJICHHS TJIH-
HUCTUX ITOPOHUX JIOMINIOK 3 TOBEPXHI 3aTI3HOT py IH.

PesynbTaTn. ['panynoMeTpudHIiA aHAI3 IPOOH Baroro
B 500 T, MO IpiOHEHO1 JI0 YaCTHHOK PO3MIPOM 5 MM, OYB TIPO-
BeJICHHI Ha IPOCifoBambHiil MamuHi Ro-tap. Pe3yapTaT mo-
Ka3aljM, 10 pO3Mip OTBOPIB CHUTA IS BIIUICHHS YaCTHHOK
3ali3a cCTaHOBUTH OJM3bKO 0,5 Mm. CepeaHill BMICT 3ai3a me-
pesurye 50% ickinanae Ha Buxodi 70% Bix 3arajJbHOT Macu
npo6u. Jlociim 3 monepeaHboro 30araueHHs crocooom
MIPOMHBAHH TIOKa3aJIi 0OHAMIAINBI pe3yIbTaTH CTOCOBHO
BMICTY Ta BiIHOBJICHHS 3aJ1i3a.

HaykoBa HoBu3Ha. Criocid mpoMuBKH OyB 3aCTOCOBA-
HUH JUisl BUJIAJICHHS TIIMHUCTUX TTOPOJHUX JOMIIIOK 3 10-
BEpXHI TpaHyJT 3aJi3HOT pyau. 3apONOHOBAaHMUIT cTIoCi0 €
HEJIOPOTHUM i iy ke e eKTHBHIUM. Brcokmii BMicT 3aii3a J0-
CcsITaeThCs 32 HU3bKOTCO0iBapTOCTi 00p0OIICHOT TOHHH Py /IH.

Ipakruyna 3HayuMicTh. IIpoMuciaoBe 3acTOCyBaHHS
mpouecy 30aradeHHs 3a JOMOMOTOO TPOMUBAHHSA BiIpi3Hse-
TbCsl IPAKTHYHICTIO Ta IPOCTOTO0 BUKOHAHHA. JIerki uacTu-
HKH JOMIIIOK CIUIMBAIOTH HA TOBEPXHIO BOMM, Y TOU Yac siK
BaXKKi YaCTHHKH 3alli3a 0capKyIoThes. Binokpemiena rim-
HHUCTA TIOPOJia NPUATHA 10 BUKOPUCTAHHS HA [IEMEHTHHUX
3aBoJIax.

KmouoBi cnoBa: Anoicup, 3anisna pyoa, eusnaueHnms
Xapakmepucmuk pyou, 306a2auenHs, YOpHA Memarypeis,
YeMeHmHULL 34800
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Heas. MccnenoBanne xene3Hoil pyapl, J0OBIBaeMOH B
Kapbepe ,,AHUHU", HAIIPpaBJICHO HA Pa3BUTHE MUHEPaJIbHBIX
pecypcoB MECTOPOXKICHHUS U UCHOJIb30BaHHSA B METal-
JIy prudecKOi IpOMBIIIIEHHOCTY P € IPUATUEM ,,A pCETIop
Murtran Axrnaba®, Amkup. XUMHUYEeCKUl, TpaHyJIOMeTpu-
YECKUM M MUHEpaJOTHYeCKUH aHaiIu3 MpoO MOKa3bIBaET,
YTO UCCNIelyeMas Py/ja OTHOCUTCS K FeMaTUTOBOMY TUITY H
COJIEPKUTCA B NIMHUCTBIX U KPEMHHCTBIX )KMIBHBIX TOPO-
nax. Eé mpensapurtensHoe oboralieHue oCyIecTBIseTCs,
HCXOJISl U3 yIEJbHBIX CBOMCTB HTUX KEJIE3HBIX Py 1.

MeTtonuka. OnpeeneHne XapaKTEpUCTUK PYyAbl OCYy-
IIECTBIBUIOCH CIIeyIOINMHU METOJaM | aHaJIM3a Ipo0: peH-
TreHOCTPYKTYPHBIH (peHTreHo M (D paKIMOHHBII) aHaIM3
(XRD), Hab Mo AeHAE 0] 3epKaTbHBIM ONITUIECKUM MHUKPO-
CKOTIOM ¥ PaCTPOBBIM 3JIEKTPOHHBIM MHKPOCKOTIOM (POM)
Mozem SEM 7001F. OnbITel O IpeaBapuTeIbHOMY 00ora-
HIEHUIO OBLIM MPOBEACHBI B IPOMBIBOUHOM YCTPOHCTBE C
LENbI0 yJaneH!s ITMHUCTBIX MOPOJHBIX MpUMecel ¢ mo-
BEPXHOCTH KEJIEe3HOH Py Ibl.

PesyabTarel. ['panyioMeTpuueckuii aHamm3 MpoObI
BecoM B 500 T, H3MENbYEHHON 10 KPYIHOCTH 5 MM, OBII
[IPOBEJIEH Ha pocenBatolleil Mmamuue Ro-tap. PesynpraTsl
[I0Ka3au, 4TO pa3Mep AYeeK CUTA I OTIACICHUS 4acTUl|
xKeseza cocTaBisieT okosio 0,5 mv. CpenHee conuep:kaHUe
JKeJie3a npeblmaeT 50% U cocTaBiAeT Ha BeIxoje 70% OT
006m1eit Mmacch TpoOBL OMBITH IT0 TPEABAPUTEILHOMY 000-
TaIeHUIO CITOCOOOM MPOMBIBKH MOKAa3aIM 00HAIe)KUBAIO-
e pe3ybTaThl KACATENBHO COAEPIKAHUSA U BOCCTAHOBIIE-
HUSI JKenesa.

Hayunasi HoBH3HA. CriocoO0 MpOMBIBKH ObLI IPUM €HEH
JUIsl yIalleHus] TIIMHUCTBIX IIOPOIHBIX IPUMecell ¢ moBepx-
HOCTH IpaHyJIKeJe3HoU py abl. [IpemiokeHHbIH crtoco0 sB-
JSIETCSl HEJIOPOTHM U 04eHb (P eKTHBHBIM. Bbicokoe co-
JieprKaHMe JKelle3a JIOCTUTaeTCs IIPU HU3KOH cebecTonmo-
¢t 00padOTaHHOI TOHHBI PYIBI.

IIpakTHyeckast 3HAYUMOCTb. [IpoMBINIUIEHHOE IpUME-
HEHHE Mporecca 000TaeHus ¢ TOMOIIBIO TPOMBIBKH OT-
JMYaeTcsl MPaKTHIHOCTRIO M NMPOCTOTOH OCYIIECTBICHHUS.
Jlerkue yacTuusl npuMecell BCIIBIBAIOT HA IIOBEPXHOCTD
BOJIBI, B TO BpEeMsI KaK TSDKENbIEe YACTHUIIBI JKese3a Ocakia-
1o1cd. OTneneHHas TIIMHUCTAst HOPOia IPUTOIHA K UCTIONb-
30BaHMIO HA [IEMEHTHBIX 3aBOJIAX.

KatoueBsbie cioBa: Anowcup, sicenesnas pyoa, onpede-
JleHue Xapakmepucmux pyobl, 00oeaujenie, YepHas Mema-
Jypeusl, yeMeHmHblil 34600

Pexomenoosano 0o nybaixayii 0OKm. mexH. HAYK
M.O. Anexceeeum. [Jama naoxooacenns pykonucy 18.04.14.
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