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MINERALOGICAL AND GRANULO-CHEMICAL CHARACTERIZATION
OF VEINS 4 AND 10, OF AIN MIMOUN BARYTE ORE MINE

Purpose. The purpose of the carried out granulo-chemical and mineralogical study, realised on barite of two veins 4 and 10 of
Ain Mimoun deposit (Algeria), is the identification of the barite ore in order to be able to choose a reliable processing method due

to its complicated structure.

Methodology. The investigation was carried out by X-Ray Diffractions (XRD), Scanning Electron Microscope (SEM), X-Ray
Fluorescence (XRF), particle size analysis and microscopic observations.

Findings. Using the investigation devices, predominance of barite minerals was found at 51 %, quartz in the vicinity of 34 %
and calcite at 9 %, with a homogeneous distribution in all the fractions observed. Adding to that, the main compounds (oxides)
present are SiO,, CaO, Fe,0;, Al,Os, P,Os, Na,0, K0, TiO,, and MnO.

Originality. For the first time the characterization of veins 4 and 10, in which the barite particles are embedded in silica, has
been realised for the purpose of proving the possibility of their processing.

Practical value. The obtained results confirm, on the one hand, that veins 4 and 10 are rich in barite and, on the other hand,
barite particle release from silica particles is possible. Thus, we suggest, for a better and diversified use of the ore of the veins in
question, the application of the flotation process, since the latter makes it possible to obtain high-quality concentrates, so it can be
used not only in the petroleum field but also in the pharmaceutical and other industries.
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Introduction. Barium sulphate, which is commonly known
as Barite, is one of the most important industrial minerals and
extensively used in many areas such as oil drilling, hydraulics,
catalyst carriers [1, 2], adsorbent materials [3, 4], as well as in
the chemical (painting) and radioscopic industries [5]. Among
others, it can be used as a gas sensor for vacuum tubes, lubri-
cant (additive) and in filler and dye for paper [6—8]. Regarding
all this wide use presenting this mineral, the demand for barite
increases exponentially. To this end, the mining industry in
Algeria deals with the exploitation of this type of ore.

On a national scale it excites a significant number of barite
deposits, namely, Boucaid W. Tissemsilt; Mellal W. of Tlem-
sen; Koudiat Safa W. of Medea; Djbel Draissa W. of Bechar,
and the largest and most important deposit is of Ain Mimoun.
The barite deposit of Ain Mimoun is located on the territory of
the wilaya of Khanchela, 28 km west of the capital. It was dis-
covered in 1968 during the geological work on revision of the
region of the anticline of Khenchela by the base (B) of the for-
mer SONAREM. The special research work following the bar-
ite veins with evaluation of the reserves was carried out from
1968 to 1970.

The Barite of Ain Mimoun is linked to an epigenetic min-
eralogical procession of hydrothermal type. Barium sulphates
can be deposited in a sedimentary environment under the ef-
fect of hydrothermal solutions and several mechanisms such as
digenetic processes. Barite can be formed under the effect of
direct precipitation when a barium-rich hydrothermal fluid re-
acts with mineralizing solutions constrained to an environment
of diapiric masses; like that of the Khenchela region. The ori-
gin of these mineralizing solutions is probably only the brines
from the sub-side sedimentary basins, during a compressive
tectonic phase, where hot and salty fluids are expelled and then
diluted by others less hot and less salty (surface waters).

Ain Mimoun deposit is extending on the northern flank of
the anticlinal of Khenchela, on a total area of 614 hectares.
The deposit is located about 10 kilometres North of Tamza
town, 8 km of the South-West of the Daira of El Hamma and
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about 16 km to the West of Khenchela city, where it is related
administratively. The geographic location is illustrated in
Fig. 1. [5].

The extent of the barite veins in the direction varies widely
from (20—50) to 1,400 m; depending on how the extent stands
out, the large veins are more than 400 m in length, (N° =
=01.02.03.04.05.10 and 11); medium veins from 100 to 400 m,
from (No. 5.06.07.08.09.12) and small veins from first tens of
meters to 100 m, in depth the veins are up to 50—100 m.

In our work, we are interested in the two veins, vein 4,
which islocated 11 km southeast of the treatment plant, whose
SiO, content is 10.04 %. The tenth vein is located 15 km
southeast of the treatment plant with a silica content (SiO,)
that varies between 2.86 and 53.41 %, on average of 16 %.

At present, the processing of barite ore of veins 10 and
4 poses certain difficulties because of its mineralogical struc-
ture. Mineralogical analysis has shown that the barite particles
are encrusted with those of silica, which makes their separa-
tion difficult by jigging at the Ain Mimoun plant.

Therefore, the objective of this work is to carry out a broad
granulo-chemical and mineralogical characterization of the
representative samples taken from the two veins 4 and 10, by
means of sieving analysis, X-ray Diffraction (DRX), micro-
scopic observation of different particle size slices under a bin-
ocular microscope; X-ray fluorescence (FRX) as well as scan-
ning electron microscopy (SEM-EDX), in order to identify
veins 4 and 10, and to be able to choose a reliable process for
enriching the ore of the latter.

Materials and methods. Sampling. Sampling is a crucial
step in the characterization process. The aim is to obtain a rep-
resentative range of samples that reflect all the physical and
chemical characteristics of the entire studied site.

The sample used for our study was taken and stored by the
laboratory engineer of the processing unit whose weight is
800 g. For security measures it was not possible to carry out
sampling individually.

Granulometric analysis. For particle size analysis the siev-
ing method is used. These fractions are made up of particles
whose size covers a relatively small interval and decreases from
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Fig. 1. Geographical location of the studied area:

a — geographic map of Algeria; b — DTM digital terrain model of
the area of the studied mines [9)

one fraction to another. The series of sieves used are of the fol-
lowing meshes: (4; 2; 1; 0.5; 0.25; 0.125; 0.063; 0.045) mm.
The previously heavy dried sample of 800 grams is introduced
on the top sieve and the entire battery is subjected to a hori-
zontal and vertical shaking movement thanks to a sieving de-
vice (electric sieve), for 20 min. The results of the sieving are
compiled in three steps:

1. Calculation of the mass percentage of each fraction.

2. Calculation of the cumulative percentage retained on
each sieve.

3. Calculation of the cumulative percentage passing from
each sieve.

X-ray diffraction (XRD). X-ray diffraction is a non-de-
structive analysis technique that allows us to know the struc-
ture and crystallographic phase of all samples; thus, crystallite
sizes have been identified. The principle of the method is based
on the diffraction of X-rays by a family of reticular planes (hkl)
favourably oriented at an angle 6 with respect to the incident
beam. These parameters are connected by Bragg’s law

ni =2dsin0.

The X-ray diffraction (XRD) diagrams were obtained us-
ing a Bruker D8 Advance Diffractometer with Cu Ka radiation
of & = 1.5406 A, with Nickel (Ni) filter in the 20 scan range
from 15 to 60°, with data collection every 0.05° and with a
downtime in each angle of one second.

Scanning Electron Microscopy (SEM-EDX). The SEM
technique combined with EDX is a technique for observing
the topography at the microscopic scale and the chemical
composition of surfaces; it makes it possible to give images on
the surface of a high-resolution sample and the possible dis-
persion of particles on the surface. The principle of this tech-
nique is based on electron-matter interactions; it consists in
scanning the surface of a sample with an electron beam and
analysing the secondary or backscattered reflected electrons
that come from the surface layer of samples. The analyses were
carried out on eight particle size units of the barite ore using a
SEM scanning electron microscope at the laboratory of the
National School of Mining and Metallurgy in Annaba. They
consisted of imaging using an FTI QUANTA 250 microscope.
In addition, this is in order to study the morphology of the
main minerals that make up the barite ore and their chemical
composition on the surface.

Sample preparation. The sample used for our study was
taken and stored by the laboratory engineer of the processing
unit. For safety measures it was not possible to carry out sam-
pling individually; study therefore allows the orientation of the
choice of the enrichment technique to be adapted. The differ-
ent analyses involved in the characterization frequently require
sample preparation. The preparation procedure involves sev-
eral operations, which must therefore be carried out in such a
way as to preserve the integrity of the samples. Dry grinding
lasts for 10 min, until a size class —8 +20 mm is obtained. Ho-
mogenization and quart are essential operations for the reduc-
tion of the weight and volume of the sample and the obtaining

of two main samples, one intended for characterization and
the other as a control sample. The weight of the sample in-
tended for characterization is 800 g.

Results and interpretations. Particle size analysis and mi-
croscopic observation. The results of the particle size analysis
are presented in Table 1, and illustrated in Figures. From the
results obtained, it is noted that the large part of the overall
mass of the sample is included in the range (=500 + 125) um, it
is of the order of 208.17 g with a weight yield of 26.02 %. On
the other hand, the coarse slice yield greater than 4 mm is
1.07 %. The fine fraction less than 63 um represents only
13.65 % (Table 1).

The results of the sieving analysis of the phosphate ore of
Jebel Onk veins 4 and 10 presented in Table 1 and illustrated in
Fig. 2, show that the cumulative yields of passing particles are
increasing according to the meshes of the sieves. On the one
hand, the cumulative returns of the retainers are decreasing
according to the openings of the sieves. On the other hand, we
note that the two curves (passing and retaining particles) are
symmetrical and intersect at point D50. The curve of the re-
sults of the particle size analysis of the cumulative yields of the
refusals is of a concave shape, which means the predominance
of large particles compared to Observation under a binocular
microscope.

The size classes for microscopic observation are (—0.5
+0.25); (-0.25 +0.125) and (-0.125 +0.063), the latter were
previously washed and dried in the oven at 60 °C until a con-
stant weight was obtained. The observation was carried out
under a binocular microscope of the laboratory of the Geology

Table 1

Results of particle size analysis of a representative sample of
veins 4 and 10

Granulometric | Yield | Yield Yield Yield
. . . Cumulative | Cumulative
Fractions, Weight, | Partial, .
mm e % refusal, Passing,
% %
+4 1.07 0.13 0.13 100
-4 42 14.21 1.78 1.91 99.87
-2 +1 56.21 7.03 8.94 98.09
-1 +0.5 153.89 19.24 28.18 91.06
-0.5 +0.25 208.17 26.02 54.2 71.82
-0.25 +0.125 153.26 19.16 73.36 45.8
-0.125 +0.063 103.91 12.99 86.35 26.64
-0.063 +0.045 | 83.45 10.43 96.78 13.65
-0.045 +0 25.83 3.22 100 3.22
Total masse 800
1001
—a— Refus
80 | —ae— Passant
60 -

i
.

D{mm)

Fig. 2. Granulometric curves
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Department of Annaba University, the microscopic observa-
tion results are illustrated in Fig. 3. The results of the mineral-
ogical analysis by counting are presented in Table 2.

From the obtained results, it is clear that in all figures, bar-
ite particles are well freed from those of silica and quartz,
which gives an ease of separating them from the gangue in

| Quartz I]I Baryte I I

Baryte | I

c

| Iron hydroxides ”

Fig. 3. Observation results of the different fractions under the

binocular microscope:

a— (=0.5+0.25 mm); b — (=0.25 +0.125 mm); ¢ — (—0.125

+0.063 mm)

Table 2
Results of mineralogical analysis by microscopic counting
si};?zllzlses Bar- Cal- Quartz, h l(ri?(r;x_ Otbher,
> | ite, % | cite, % % Yy %
mm ide, %

-500+20 | 50.07 8.87 33.76 1.77 5.53
250+ 125 | 52.87 9.55 33.24 1.72 2.62
-125+63 | 50.60 8.59 35.57 2.1 3.14

which they are embedded. The analysis by microscopic count-
ing shows the predominance of barite minerals at 51 %, quartz
in the vicinity of 34 % and ultimately calcite at 09 %, with a
homogeneous distribution in all fractions observed.

Analysis by DRX. The X-ray diffraction patterns of barium
sulphate particles for different states (micrometric powder,
nanometric powder, micrometric powder calcined at 1000 °C,
and micrometric powder calcined at 1200 °C) are shown in Fig.
4. The X-ray diffraction study was used to identify the crystal
structure and determine the particle size. All the reflection
plains are matched with an orthorhombic phase of barium sul-
phate [10—12], with crystalline cell constants a = 7.144,
b = 8.865 and ¢ = 5.445A°, which are basically in agreement
with the reported values (JCPDS Card Files No. 80-0512),
space group Pnma.

The crystalline sizes of the natural barite are calculated us-
ing Scherer’s formula [ 13] for the four high intensity peaks ob-
served at 22.84,24.93, 31.60, 32.84, 42.61, and 42.99°(20) with
hkl values (111), (200), (211), (002), (140), and (410), an ex-
ample of a peak is shown in Fig. 5. With A the X-ray wave-
length (0.15406 nm) and 0 the Bragg diffraction angle. The
values of § and 6 parameters are estimated by Gaussian fitting
of the XRD peaks. This formula is not limited by the preferen-
tial orientation and is valid for an ordinary XRD profile. The
differences in the widths of the peaks indicate differences in
crystallite sizes and also specific surfaces. Scherrer’s method
makes it possible to estimate the average size of crystallites,
when they are less than 100 nm. Scherrer’s formula is written

S — ()
Bhiki - cos(Ohkl)’
s
Bhkl =W —; 2)
180
7000
— CM7 Bte: Baryte; BaS0O4
— CM6 Dte Qtz: Quartz; Si02
6000 | ——CM5 Dte: Dolomite; CaMg(C03)2
| ——CMm4 Cte: Calcite; CaCO3
5000 posd
- ——CM2 Bte
E] —cmo | Qr
L] Cte| Dt
f‘ mo= s l“ l.
§ 2000 | L
- - LA A
™ ~ A
1000 A PO
A " ~
0 foy s r Lf‘ "—_lk:m
10 20 30 40 50 60
2 Theta, deg.
a
4000 0 £
3500 | 72-390 JCPDS file:BaS04-Blue color
3000 |
E]
<
2
2
(3
E
20 30 40 50 60 70
2 Theta, deg.
b
Fig. 4. Results of X-ray diffraction pattern of different particles

size fractions:
a — 0 < Intensity, a.u < 5500; b — 0 < Intensity, a.u < 1500
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Fig. 5. RX diffraction peaks representative of the various phases
present in the barite:
a — Barite; b — Quartz; ¢ — Dolomite; d — Calcite

Sa:i,
p-D

where D is the average size of crystallites in the direction per-
pendicular to the planes (hkl); K is the constant; A is the

3)

monochromatic wavelength, in our case it corresponds to the
doublet CuKal + a2; Bhkl is the full width half maximum
(FWHM) of X-ray diffraction peak in radians; 20Ak/ is Bragg
angle at the top of the chosen line; p is the density of the oxide;
Sa is the specific surface of the oxide.

The results of calculations are shown in Figs. 6, a, b, which
correspond to the values of the size crystallites, as well as spe-
cific surfaces. The average crystallite size of barite is estimated
to be around ~43 nm. The specific area inversely proportional
to D, it is of the order of ~33 m?/g, in accordance with the data
of the literature [14].

X-ray fluorescence analysis“FRX”. X-ray fluorescence spec-
trometry (XRF) is an X-ray instrumentation used for chemical
analyses, relatively non-destructive, it allows analysing the
main compounds and also the constituent traces of rocks, min-
erals, sediments and fluids. The analysis of major elements and
traces in geological materials by XRF is feasible by the respons-
es-interaction of atoms when they interact with X-rays [15, 16].

The results of XRF analysis recapitulated in Tables 3 and
4, confirms the presence of the various components of barite,
in this case we can draw Table 3, giving the mass percentages
OfBaSO4, Si02, CaO, FCZO3, A1203, P205, Kzo, Na20, TiOZ,
MnO, and other oxides such as ZnO, CuO, etc.

Fig. 7 below shows the main compounds (oxides) present
in addition to barite, among which we cotton in order of pres-
ence: SiO2, CaO, F6203, Ale}, P205, Na20, Kzo, TiOZ,
MnO, and PAF (loss to fire)/L.O.1. is loss on ignition; which
corresponds to the elements that evaporated during the analy-
sis (organic and other inorganic elements).

Morphological analysis by SEM and EDX. The micrographs
of the various powders are shown in Fig. 8. There are grains of
whitish colour, corresponding to the barite, and rather grey
grains that can be associated with dolomite or calcite.

Barite mineral is soft but heavy, slightly tinged with white,
grey, yellow or brownish. Barite is a mineral species composed of

80
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Fig. 6. Results of calculation of:

a — Crystallite size values; b — Specific barite surfaces
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Table 3

X-ray fluorescence analysis results

Fluorescence X analysis, %
Sio, ALO; | Fe,0, Ca0 MgO | Na,O K,O TiO, MnO P,0; PAF | BaSO,
CMO0 13.06 1.38 2.94 7.79 <0.05 <0.05 <0.05 <0.05 <0.05 0.32 6.08 67
CM2 11.83 1.10 3.28 11.13 <0.05 <0.05 <0.05 <0.05 <0.05 0.29 11.30 57.64
CM3 10.94 1.61 2.12 6.68 <0.05 <0.05 <0.05 <0.05 <0.05 0.48 8.92 73.51
CM4 13.38 1.42 2.59 7.65 <0.05 <0.05 <0.05 <0.05 <0.05 0.44 5.97 66.29
CM5 13.68 1.28 2.55 7.98 <0.05 <0.05 <0.05 <0.05 <0.05 0.58 8.04 65.57
CM6 15.02 2.14 3.86 9.21 <0.05 <0.05 <0.05 <0.05 <0.05 0.68 8.58 57.70
CM7 14.29 2.27 4.02 9.47 <0.05 <0.05 <0.05 <0.05 <0.05 0.76 7.40 60.56
Table 4
Average concentrations of different chemical components of the samples
Fluorescence X analysis, %
SiO, AL O4 Fe,0; CaO MgO Na,O K,0 TiO, MnO P,05 PAF BaSO,
Average 13.23 1.56 3.12 8.68 <0.05 <0.05 <0.05 <0.05 <0.05 0.53 11.72 64.26
+/— +/— +/— +/— +/— +/— +/—
1.29 0.41 0.56 1.37 0.16 4.05 5.33

barium sulphate BaSO, formula with traces of Sr, Ca and Pb. On
hydrothermal origin, barite presents various compositions. Rich
in Pb, Sr, C, Ra, or several of these elements associated with
them or other, dedicate this mineral to the multiple uses. This
mineral usually crystallizes as flattened crystals, sometimes la-
mellar. Crystals are tubular, prismatic, and as grainy, platy, and
coxcomb aggregates. Crystals may be present in aggregates (typ-
ically cleavable), and these crystals are lenticular grouped into
rosettes. Individual crystals are often twinned, and can be quite
large. May also be massive, nodular, fibrous, stalactitic, and as
perfect rosettes. Macro-graphic images are shown in Fig. 8.

The results of EDX analyses (Fig. 9) confirm the presence
of the elements Ba, S, O, Si, Ca, Mr, Fe, Al, corresponding to
the presence of the compounds Barite, Quarters, Dolomite,
calcite, iron oxide, aluminium oxide.

Conclusions. The experimental obtained results allowed us
to conclude the following:

1. Particle size analysis and microscopic observation of dif-
ferent particle size slices testify to the good release of barite
from the gangue in the following fractions: (—0.5 +0.25);
(-0.25+0.125) and (- 0.125 +0.063).

2. The predominance of barite minerals at 51 %, quartz in
the vicinity of 34 % and at the end calcite at 0.9 %, with a ho-
mogeneous distribution in all the fractions is observed; these
results correspond to the results of DRX.

70F

10f t 5

: ® :
i b ) Y
0 i N 1 o ¢

BaS04 8i02 PAF CaO Fe203 AI203 P205 Na20 K20 Ti0O2 MnO

Fig. 7. Main compounds (oxides) present in addition to barite

3. The micrographs of the various powders mention whit-
ish grains, corresponding to barite, and rather grey grains that
can be associated with dolomite or calcite.

Fig. 8. Results of SEM of:

a— CM3 P3-039; b — CM3 P3-048; c — CM7 P7-072-045; d —
CM5 P5-072-012; e — CM4 P4-058; f — M4 P4-064
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Fig. 9. Combined results of EDX analysis of:
a—CM3;b—CM4;c— CM5;d— CM7

4. The presence of the elements Ba, S, O, Si, Ca, Mr, Fe,
Al, corresponding to the presence of the compounds Barite,
Quarters, Dolomite, calcite, iron oxide, aluminium oxide,
proven by FRX and EDX.

Following the results of the mineralogical and granulo-
chemical characterization carried out on the representative
sample of veins 4 and 10, the separation of Barium sulphate
BaSO, embedded in silica is possible by grinding to a particle
size of less than 500 um or a very good release of barite is
ensured. We suggest, for a better and diversified use of the
ore of the veins in question, the application of the flotation
process [17, 18], since the latter makes it possible to obtain
high-quality concentrates, so it can be used not only in the
petroleum field but also in the pharmaceutical and other in-
dustries.
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Minepasioriyna Ta rpaHyJio-xiMiyHa
xapakrepuctuka xuia Ne 4 i 10 6apuroBoi
maxtu Aitn MimMyH

@. Banada', M. Yemi6i', A. Bympio*3, A. Byxedxca'

1 — @akynbpTeT HayK Mpo 3emitio, Kadenpa ripHUIoi CIIpaBy,
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2 — JlabopaTopist mepepoOKM KOPUCHUX KOMaJauH i HaBKO-
JIMIIIHBOTO cepefoBuIla, YHiBepcuteT bamku Moxtap,
M. AHHa6a, AJLKHAD

3 — Kadenpa 1uBinbHOro OyAiBHULITBA, YHIBEPCUTET iMEHi
Aobb6aca Jlarpypa, M. XeH1ena, AJKUp

Meta. MeTo10 MpOBEIECHOTO I'PaHyI0-XiMiYHOTO i MiHe-
pajoriyHOro AOCTIMKEHHS, peali3oBaHOTO Ha OapuTi ITBOX
kvt Ne 4 ta 10 pogoBuia AitH MiMyHa (AJDKUp), € imeHTH-
dikalig pynu 6apuTty I BU3HAUYEHHSI MOXJIMBOCTI BUOOPY
HalliifHOTO METOYy MepepoOKH, 1110 BUKJIMKAHO HOro CKIIa-
HOIO CTPYKTYPOIO.

Metoauka. JlociiKeHHs MPOBOAMIIOCS 3a JOIMOMOTIOIO
peHTreHiBebKoi mudpaxiiii (P/1), ckaHyo4oro e1eKTpOHHOTO
Mikpockona (CEM), peHTreHiBcbkoi duryopectieHitii (PD),
aHaJli3y po3Mipy YaCTMHOK i MiKpPOCKOTIIYHUX CIIOCTEPEKEHD.

PesyabraTn. 3a 1OMOMOro0 JOCHIAHULILKUX TPWIaiB
0yJ10 BCTAaHOBJIEHO TMepeBaXkaHHsI MiHepaJliB 6apuTy, 110 cTa-
HOBJIATH 51 %, KBapity — puoIu3Ho 34 % i KaJIbIIUTY B KiTb-
KocTi 9 % 3 omHOPITHUM pO3MoniioM Yy Beix dpakuisix, 3a
IKUMU croctepiraiu. KpiM Toro, O0CHOBHUMHU MPUCYTHIMU
crionykamu (okcunamu) € SiO,, CaO, Fe,0;, Al, O3, P,0s,
Na,0, K,0, TiO, i MnO.

Haykosa HoBusHa. [lonsrae B Tomy, 110 Briepiie OyB Onu-
CaHMil XapakTep po3mnoniny MiHepaltiB y xwrax Ne 4 i 10, B
SIKMX YaCTMHKY OapuTy 3ajsIraloTh Y KPEMHE3eMi, 3 METOIO
JTIOKa3y MOXJIMBOCTI iX epepoOKu.

IIpakTiyna 3HaumMicTb. OTprMaHi pe3yabTaTH IMiATBEP-
IKYIOTh, 3 OMHOTO GOKY, o Xuiau Ne 4 i 10 6araTi Ha GapuT,
a, 3 iHII0rO OOKY, T€, 1110 MOXJIMBE BUAIEHHSI YaCTUHOK 0a-
pUTY 3 YACTMHOK KpeMHe3eMmy. Takum YMHOM, I OilbIl
SIKICHOTO ¥ Pi3HOMAaHITHOTO BUKOPUCTAHHS PyOW XMW, 1110
AQHATI3YIOTbCS, MU TIPOIMOHYEMO 3aCTOCYBaHHS MpoLEecy
(moTairii, Tak K OCTaHHI JO3BOJISIE OTPUMYBATH BUCOKOSI-
KiCHi KOHILIEHTpaTH, TOMY Oro MOXKHa BUKOPUMCTOBYBAaTH He
TiJIbKM B HAa(TOBOMY CEKTOpi, aje i y (papmalieBTU4HIM Ta
IHIIMX TaJTy3sX MTPOMUCIIOBOCTI .
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