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Abstract. The objective of this article is to study the possibilities of enrichment of the

Received 05.12.2018; _ iron ore from Jebel Anini and to develop these mineral resources in order to use them in
Received in revised form 24.12.2019; the metallurgical complex of Annaba. Representative samples were taken from Anini iron
Accepted 14.02.2019 mine located in the northwest of the Wilaya of Setif. After sampling, mineralogical,

chemical and size particles’ characterization was carried out. However, the analyzes
performed by (XRD, SEM and FX) show that the ore is iron type hematite clay and siliceous gangue. The average contents of Fe20s,
SiO2z and Al20s are respectively 55%, 26.20% and 12%. The data collected after several preliminary tests of enrichment by washing
(wet sieving) of the ore reveal significant results in iron content is 62% Fe20s, 2 to 3% of quartz and 2 to 3% of clay. The tests
conducted by wet magnetic separation show, on the one hand, remarkable results in iron content of 65.11% against 2.46% SiO2 and
1.73% Al203 and , on the other hand, that the enriched product meets the standards required by metallurgy, releases from processes
can be used as an addition in the preparation of cement.
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AHoTanusi. MeTo0 cTaTTi € BHBYCHHS MOXJIMBOCTI 30aradeHHs 3aji3HOi pyam poxosumia J[keOenb-AHIHI Ta MOMIMBOCTI
BUKOPHUCTAHHA IIUX MIHEPaJbHUX PECYpPCIB 3a JOTIOMOTOI0 BUKOPHCTAHHS METaJUTypridvHOro KoMIuiekcy AHHaba. PempeseHratuBHi
3pa3ku OynM BifiOpaHi y Mekax 3ai30pyJHOTO POJIOBHINA AHiHi, pO3TAIIOBAaHOTO Ha MiBHIUYHMH 3axin Bix Bimaitm Cerida. ITicms
BiOOpY 3pa3kiB, BU3HAYAIUCS PO3MIp YaCTHHOK MiHepaliB, BCTAHOBIIOBAJHCS iX XiMi4HA Ta MiHepallbHa XapaKTePHCTHKH. BTiMm
anaui3, npoeaenuii (XRD, SEM i FX), nmoka3ye, 110 py/a siBisie CO60r0 reMaTHUTOBY TJIMHY 3aJ1i3HUCTOTO THITY i KDEMEHHCTY ITOPOY.
Cepenniii Bmict Fe203, SiO2 i Al2O3 cranoButs BigmosigHo 55%, 26,20% i 12%. Jlaui, 3i0paHi micis KibKOX MONEPEIHIX
BUNPOOYBaHb 31 30aradyeHHs MUIIXOM IPOMHBAHHS (MOKPOTO IPOCIFOBAaHHS) PYAH, OKa3yIOTh BaXKJIMBICTh OTPUMAHHX PE3yJIbTaTiB
mo0 Bmicty 3amiza 62% Fe20s, 2-3% xBapiy i 2-3% rauHu. BunpoOyBaHHs, npoBeaeHi METO0M MOKpPOi MarHiTHOI cemapartii,
MMOKa3yI0Th, 3 OJHOTO OOKYy, UyZOBi pe3yimbTaTH B 3MicTi 3amiza 65,11% mpotu 2,46% SiO2 i 1,73% Al20s, a 3 iHmoro Ooky
30aradyeHuii TPOIYKT BIAMOBIiZA€ CTaHAAPTaM, HEOOXIIHUM JUIA METaNyprii, a BiOXOIW Tmpolecy 30aradeHHS MOXYTh OyTH
BUKOPHCTaHI SIK JI0JaTOK B IPUTOTYBaHHI IIEMEHTY.

Kniouosi cnosa: Ansicup, Anina, 3anisna pyoa, Xapakmepucmuxd, po3mip Yacmunok, 30a2a4ents, cmaib, YyemeHm.

Introduction. Iron oxide is the most sought-after ore the production of various types of steel, which makes
in the world due to its utilitarian properties, such as it essential for all industries.In its native state, iron is a
hardness, strength and durability; it is used mainly for generally dark metal, constituting about 5% of the
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earth's crust. It is a very reactive element and oxidizes
very easily. In nature, it occurs in the form of mineral
rocks, whose metallic iron can be economically
extracted. The ores are usually rich in iron oxides and
the color varies from dark gray and bright yellow to
dark purple. The iron itself is usually in the form of
magnetite  (FesO4), hematite (Fe;Os), goethite,
limonite or siderite (Minerals Information Institute).

Hematite is also known as "natural ore", and
that is the form of the most common rock on the
surface of the earth which is most often used in
industry.

As the use of steel is multiple and demand for it
has increased considerably in recent years due to the
growing consumption of large emerging countries,
especially China , the price of iron ore, has risen
sharply which has diverted a relatively quiet market
away from other commodities (Olivier., 2012).

The subsidiary SOMIFER-spa, of the group
Ferphos operates the mines of Khanguet (Tebessa),
Sidi Maarouf (Jijel) and Djebel Anini (Setif) .The
latter contains geological reserves of 35.75 million
tons with 55% Fe;0s.

The deposit of Jebel Anini is exploited by small
mines , it is encased in karst cavities carved in
limestone of Cenomanian-Turonian age; it consists of
a ferriferous compound comprising a rocky group of
hematite made of hematite debris loose clay (Chaabia
etal., 2015).

Thus, several hematitic veins have been
identified with a minimum width of 5 m and a
maximum length of 500 m (Chaabia et al., 2015).

The iron ore of the Jebel Anini deposit is not
intended for the steel industry even though its iron
content is important because the amount of silica is
very high. Besides, by performing chemical analysis
of crushed samples of different size fractions, it was
found that the iron content changes when the rate of
quartz decreases .

For this purpose it would be advisable to
conduct research to study the possibilities of recovery
of the iron mass with a maximum reduction of silica
(quartz) so that it can be acceptable for steel consumers.

Over the past five decades, financial markets
have seen the emergence of a new raw material; iron
ore, which was at the beginning of the century
marketed exclusively on the basis of long-term
contracts concluded directly between the large mining
companies and the client industries, mainly steel
producers (about 98% of its world production is
destined for the steel industry).Indeed, iron ore is an
essential raw material for the development of modern
economies (Olivier, 2012).

It represents nearly 95% of all metals used in
modern industrial societies (Yellishetty et al, 2010;
Casali, 2013).

12

Mineral processing is defined as the process
whereby a crude mined ore is separated to remove
undesirable minerals whose value is negligible. These
are commonly referred to as "gangue".The separation
in question may be carried out by gravity
concentration  equipment,  flotation,  magnetic
separation and electrostatic separation (Sanjay Kumar
etal, 2014).

Iron ore beneficiation encompasses all methods
used to improve chemical, physical or metallurgical
characteristics and to ensure that iron ore meets the
technical requirements for the manufacture of steel.
These techniques include crushing, screening
homogenization, concentration and
agglomeration.When the use of iron ore is not
possible because of its low metal content, iron ores are
mainly processed by crushing, grinding, screening,
classification, gravity separation, magnetic separation
and flotation technologies (Outotec, 2012).Magnetic
separation is most commonly used to separate natural
magnetic iron ore (magnetite) from a variety of less
magnetic and  non-magnetic  materials. Today,
magnetic separation techniques are used to benefit
more than 90% of all iron ore. This method is used for
separating weakly magnetic iron minerals such as
hematite, gangue.

Materials and Methods. Sample collection in the
field. Samples were collected in Zone 1, Zone 1, Zone
Ill, the central area, and the storage area, which
covered the entire mine and avoided segregation
errors to ensure better representation of samples. As a
result, these coordinates were converted into the UTM
system, to be exploited in the national coordinate
system (UTM Nord Saharal959, zone 31). The iron
ore sampling points taken from the study area are
presented in a map using ArcGis 10.2.21 software
(Figure 1).

Multiple comparison test of the distribution of
elements (Fe;Os, SiO,, Al,O3;, CaO, MgO) in the
different sampled zones:

To detect possible heterogeneities in the
distribution of the different elements between the
different sampled areas, the results of preliminary
analysis by X florescence were submitted to an
estimation by analysis of the variance (ANOVA)
whose probability was assigned to the interval
confidence of 95.00%, followed by the Tukey test to
measure the differences in oxide contents between the
different sampling zones.

According to the ANOVA test results; there is
no significant variation in the average contents of the
sampled elements (Fe,Os, SiO,, Al,Osz, CaO, MgO)
between the different sampling zones, these results
testify to the representativity of the samples taken.
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Preliminary analysis results. A total of 35
samples were taken (7 samples in each zone) and
prepared in the Mineral Laboratory of the Mining
Department at Annaba University. Subsequently,

Table 1. X-ray Fluorescence Preliminary Analysis Results of Iron Ore from Anini

from each sample, a quantity of 10 grams was sent
to the laboratory of the "Hadjar-soud" cement
company of Skikda for chemical analysis. The
analysis results are shown in the table below.

Con 9

N° of Sample Zones Fe203 SiO2 Al203 CaOo MgO
01 Zone | 44.86 18.48 9.44 1.76 0.62
02 Zone | 51.08 20.52 6.75 1.05 0.49
03 Zone | 50.18 24.07 12.64 1.34 0.74
04 Zone | 48.45 16.19 10.57 1.20 0.69
05 Zone | 49.57 20.65 8.33 1.07 1.10
06 Zone | 45.63 1741 7.89 0.82 0.83
07 Zone | 47.57 18.22 7.53 1.82 1.10
08 Zone 1l 50.94 28.78 11.34 0.93 0.85
09 Zone Il 50.86 24.19 9.86 0.44 0.82
10 Zone 1l 52.27 18.80 6.88 1.55 0.62
11 Zone 1l 50.18 27.10 8.07 1.05 1.01
12 Zone 1l 51.08 25.75 10.01 0.30 0.69
13 Zone 1l 54.91 16.52 7.66 1.18 0.88
14 Zone 1l 48.38 27.83 10.11 1.06 0.55
15 Zone Il 53.48 25.87 9.63 1.06 0.98
16 Zone Il 52.66 22.37 7.62 1.25 1.01
17 Zone 1l 50.54 19.66 9.18 0.89 0.64
18 Zone Il 48.73 21.71 6.81 0.78 0.70
19 Zone Il 51.08 26.64 9.29 0.65 0.77
20 Zone Il 45.88 20.62 7.34 0.90 0.90
21 Zone 11 51.56 26.47 12.06 0.82 1.11
22 Central zone 48.86 27.79 13.23 1.95 0.52
23 Central zone 52.06 20.98 13.89 1.64 0.63
24 Central zone 51.10 25.47 12.63 0.72 0.88
25 Central zone 54.13 22.54 12.71 1.38 0.67
26 Central zone 54.09 28.25 11.71 0.71 0.89
27 Central zone 53.38 12.64 6.34 1.03 0.71
28 Central zone 55.78 16.96 12.68 0.54 0.83
29 Storage zone 53.11 23.24 10.51 1.60 0.59
30 Storage zone 52.37 25.44 7.18 0.74 0.81
31 Storage zone 51.31 24.05 11.03 0.80 1.06
32 Storage zone 48.65 21.53 11.27 0.58 0.98
33 Storage zone 49.21 19.98 21.53 0.51 0.97
34 Storage zone 50.73 14.39 10.46 1 0.73
35 Storage zone 54.85 18.81 12.41 0.92 0.91
Average 50.84 > Q199 > Q.18 > Q02 > Q80 >
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Fig. 2. Mineralogical composition of the studied ore

Chemical characterization of Anini mineral
oxides. Mineralogical characterization of the ore.
Ore samples subjected to optical microscopic
observations with reflected light showed the
presence of the following main minerals:
Reflected light microscopy. A / Predominant
compound of metallic minerals:

Hematite ; most of the sample consists of
colloform (type of sedimentary texture) hematite
which previously fills Opel-spares. Sometimes this
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porosity is not completely filled with hematite and
open spaces are common (Image a- 5X). (Open
space in the center of the image 440 um in
diameter).

Hematite layers are thick (20-40 um) and
parallel (Image b-10X). Sometimes, while filling
open spaces, there are rhythmic sequences of the
Senate and layers of a dark, mineral color, as shown
in Image c-10x). SEM studies will help us identify
this mineral. Iron oxide precipitation sometimes
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shows a multistep process with various
superimposed episodes with different directions
(Image d - 5X).

This sample includes two different types of
mineralization:

A [ Massive hematite (described below), very
rich in iron (60-70% of ferrum)

B / iron oxide disseminated in a gangue, two
types are shown in the image e-5X).

Type B — Mineralization

The hematite is quite resistant , of rounded
shape, plus or minus and up to 150 pm. It
(hematite) presents a stage of later formation, in
comparison with the rock (Image f- 20X).

Fig. 3. Mineralogical composition of the studied ore

Transmitted optical microscopy. The gangue
consists mainly of crystalline quartz up to 960 pm
(~1mm) in diameter (Fig. A and b). Parallel polar,
and numbers a- (5X), and cross-polarized numbers
b- (5X). It is frequently (at least, larger crystals)
polycrystalline quartz. This quartz seems to be
previously formed, compared to hematite and there
is presence of many fluid inclusions and mineral

Occasionally, iron oxide particles are
composed of 2 (or more) different minerals. In this
case, the hematite is distributed along the grain
boundaries, the core being other iron oxide (Image
g-20X).

Frequently, hematite clearly replaces quartz
(Image h- 50X)

Even frequent, in the mineralization of type
B, sometimes oolithic textures have been seen:
from a quartz core (not roundel, well-defined),
successive layers of hematite are deposited in a
conchoidal-shape. (Image i and j-k-20X).

(submicron) on its surface. Although not very
common, there is another type of quartz: small
idiomorphic crystals characterized by a partial
replacement by microcrystals of calcite (micrite).
This fact is illustrated in image ¢, e-50X, =, and d-f-
50X, Vertical.

This idiomorphic quartz appears to be of
hydrothermal origin and of small size (not more
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than 60 pm). Microcrystalline calcite found on the
surface of hydrothermal quartz is only 4 pum in
diameter (Image g-50X, Horizontal). There are
some apatite crystals (elongated digits) included in
the first type of quartz (the largest) Image h-50X,
Horizontal. Mineral inclusions (below 2 pm in

sis (XRD).

X-Ray Diffraction Anal
|

Iron ore sample> 125 pm

The mineralogical analysis carried out by
XRD confirmed the mineralogical composition of
this mineral identified by optical microscope.
According to the spectrum illustrated in the figures
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Fig. 4. Spectrum of a sample of Anini iron ore (Setif) obtained
by X-ray diffractometer (sample No. 1)

Analysis by Scanning Electron Microscopy (SEM) and EDX.

diameter) in quartz are sometimes transparent
compounds with Fe in their composition either
ankerite or siderite. Image i is representative of the
texture of mineralized rock. It is common that
hydrothermal quartz also covered by hematite is
two types of quartz previous to hematite in time.

Iron ore sample< 125 pm

below (Figure 4-5), it is noted that the
predominantly — observed mineral phase s
represented by hematite-quartz.
3000 4
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Fig. 5. Spectrum of a sample of Anini iron ore (Setif) obtained by
X-ray diffractometer (sample No. 2)
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Fig. 6. Observation by Scanning Electron Microscopy (SEM) and EDX (sample No. 1)
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Table 2. Processing option: all elements analysed (sample No. 1)

Spectrum | Instats | C (@) Si Ca Total
1 Yes 61.41 | 38.59 100.00
2 Yes 19.06 | 52.73 | 3.85 24.36 | 100.00
Max 19.06 | 61.41 | 38.59 24.36

Min 19.06 | 52.73 | 3.85 24.36

All results in weight %

Electron Image 1

ull Scale 520 cts Cursor: 3.660 (6 cts) ke

Fig. 7. Observation by Scanning Electron Microscopy (SEM) and EDX (sample No.2)

Table 3. Processing option: all elements analysed (sample No. 2)

Spectrum | Instats | C (0] Si Fe Total
1 Yes 13.19 86.81 100.00
2 Yes 9.16 50.40 2.23 38.20 100.00
Max 9.16 50.40 2.23 86.81

Min 9.16 13.19 2.23 38.20

All results in weight %

Preliminary enrichment study of Anini iron ore:
washing (settling). According to the results from
the chemical analysis (after the wet sieving process)
of the different particle size classes of the Anini
iron deposit, carried out by atomic adsorption
spectrometry, there is a significant decrease in
percentages after washing, it is also noted that the
iron content is 61.57% as against 55.98%, in the
unwashed crude ore.Similarly, the silica content
decreases from 26.20% to 2.30% in the washed ore,
the same for the Al,O3 content which goes from
12% to 3%, which confirms the remarkable results
obtained by the washing process (wet sieving). A
comparison of the results of the chemical analyses
obtained after the application of this method is
decisive (Chaabia et al., 2015).

- in the refuse of the washing operation (wet
sieving), we observe a change in iron contents up to
61.98% against a significant decrease in silica
content of the order of 2.36% and alumina of
3.33%. The analysis of the results shows the high
percentage of silica and alumina (37.37% and
10.69%) recovered in the sieve pass (Chaabia et al,
2015).

- the results of X-ray analysis of concentrated

samples of the washing operation (wet sieving) of
the four classes show that the mineralogical phase
observed consists mainly of hematite (Fe203),
however some traces of quartz and calcite are
observed (Chaabia et al., 2015).
Enrichment tests of Anini iron ores by wet
magnetic separation. From the obtained results,
the high intensity magnetic separation (HIMS)
obtained, gave a significant increase in iron content,
and a remarkable decrease in the combined fraction
of clay and alumina.The Fe;Os content is 65.11%,
with an increase of 28.87% compared to starting
content (Fe»Os3 content in crude ore is 50.52%).

In addition, the silica and alumina contents
decreased from 24.06% and 7.80% to 2.46% and
1.73% respectively. The importance of the results
of this study resides in the efficiency of the "HIMS"
process in terms of ore beneficiation to make it
usable in the iron and steel industry (Chaabia et al.,
2015).

The processing of Anini iron ore by the
(HIMS) high-intensity wet magnetic separation
process reveals significant results as a result of the
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increase in iron content and the remarkable
decrease in clay impurities and quartz (Chaabia et
al., 2015).

The iron content is 65.11% against a feed
content of 55.98%. Furthermore, the silica and
alumina contents have significantly decreased by
2.46% and 1.73% respectively; these levels largely
meet the standards of the metallurgical
industry.Given the release characteristics obtained
by this method (12.16 Fe203, 24.55 SiO: and 7.02
Al;O3), the latter is used for the manufacture of
building materials (Portland cement) (Chaabia et
al., 2015).

Conclusions. The research carried out on this
deposit, as part of this study, allowed us to draw the
following conclusions:

- The economic success of any mining sector
requires a physico-chemical characterization of the
ore envisaged. In the case study conducted on the
enrichment of Anini iron ore carried out in the
laboratory of Mining Resources Valorization and
Environment of the University of Annaba, the
studied ore was found to be very complex and,
consequently to exhibit a diversity of ferriferous
minerals and gangue minerals.Two methods are
used for the enrichment of iron ore of Anini, whose
yield is acceptable for the metallurgical industry
with some advantages in favor of the magnetic
separation; among these advantages we can
mention:

e Rejection ores for this method obey the
requirements of the cement plant including Portland
cement.

eThe iron content in the concentrate
recovered by this method is significantly higher
than that obtained by washing.

e The range of particle size classes used in
the magnetic separation method is much larger than
those used in washing. This allows us to use almost
all of the prepared ore.

e Magnetic separation is a modern method
compared to washing, which is a very old method.

- The expansion of the Algerian iron and
steel industry is largely based on the use of all iron
ore resources.

The Anini deposit represents one of the main
sources in the field of iron ore supplies for the
domestic  steel  industry.Considering  these
remarkable advantages in favor of the high intensity
wet magnetic separation "HIMS", this method is
strongly recommended for the preparation and
enrichment of Anini iron ore, and as prospects can
be cited; the rejection of the magnetic separation

18

which contains 16% of iron can be treated by other
more efficient techniques which allows us to
recover the rest of the iron from this rejection.
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