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INTRODUCTION

Clays are used in many fields such as ceramics, paints,
barriers, adsorbents, catalyst supports, drill bits, efc. [1-3]. The
suitability of clay for its use in a specific field is related to its
mineralogical and chemical composition [4-6]. Niger is full
of considerable mining and petroleum potential, and explo-
ration of this mining and petroleum potential requires the use
of bentonite clay as a drill bit. This situation shows the need to
investigate the clay deposits of Niger in search of bentonite.
The aim is to characterize and identify a clay deposit of the
Garadaoua Formation of Palaeocene in Ullemmeden basin
(central Niger) [7]. Characterization and identification of the
clay deposition is carried out on the basis of mineralogical,
chemical and physico-chemical analyzes carried out on the
collected material.

EXPERIMENTAL

The material is collected from Paleocene Garadaoua form-
ation located in the Iullemmeden basin in Rey rey (Fig. 1).
Paleocene Garadaoua formation consists of three lithostrati-
graphic series [7-11], namely (a) Lower argillaceous series
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(lower papyraceous shales) called Kao limestone which is com-
posed of silty claystones and palygorskite marls; (b) The lime-
stone series called Tamaské member and composed of biomic-
ritic limestones in sub-horizontal benches and finally (c) Upper
argillaceous series (upper papyraceous shales), which is called
as Barmou member, and comprising of alternative greenish argil-
lites and nodulated phosphate s and dolomitic palygorskite marls.

Extraction of clay fraction: To separate the clay fraction
(particles < 2 um in diameter) from the investigated material,
the material is grounded in agate and then disintegrated in
demineralized water. The suspension is centrifuged at 2500
rpm for 10 min. The deflocculated suspension is transferred
to a bottle. After 100 min of sedimentation, the upper layer of
2 cm of supernatant correspond to the fraction of < 2 um is
siphoned.

Characterization: The mineralogical composition of the
collected material and its clay fraction is determined by X-ray
diffraction using a RX Briiker diffractometer (model D5000),
in 20 mode (Scanning from 3° to 15° or 3 ° to 30 °, in steps of
0.02° with a duration of 1 s, anticathode Cu, 40 kV-30 mA).
To dissociate the clay minerals from the clay fraction, four
diffractograms are recorded from the following preparations:
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Fig. 1. Location of Rey rey sampling site on a simplified geological map
of Tullemmeden basin (modified after Dikouma et al. [8])

(1) oriented preparation and dried in the open air; (2) oriented
and treated with ethylene glycol, where the slides are placed
overnight in a desiccators in an ethylene glycol atmosphere;
(3) hydrazine-monohydrate oriented and treated preparation,
where the slides are placed overnight in desiccators in
hydrazine monohydrate atmosphere; and finally (d) heated for
4 h at 490 °C.

Preparation: The siphoned clay fraction is centrifuged
at 3500 rpm for 40 min. The pellet obtained is deposited on the
edge of a grooved glass slide. The blades are dried in the open
air [12-15]. The relative abundance of each clay mineral of the
clay fraction is determined from the diffractogram of untreated
preparation and using MacDiff software (version 4.1.2). An
infrared spectrum of clay fraction is obtained using a Perkin
Elmer Universal ATR (Attenuated Total Reflectance) spec-
trometer over a spectral range of 4000-600 cm™. Thermal
decomposition of the clay fraction (ATG/ATD) is carried out
using a thermal analyzer A 5c¢ 1000c in air, in a temperature
range of 25 to 1000 °C. The specific surface area (total SA),
area of micropores (micro SA) and pore volume (total PV) of
the clay fraction are determined by adsorption/desorption of
nitrogen at 77 K using a SORPTOMATIC 1990 of Thermoquest.
The results were plotted by BET (Brunette-Emmett-Teller),

De Boer and BJH (Barrett-Joyner-Helenda) methods. Its cation
exchange capacity (CEC) is determined by ion exchange in a
solution of hexaaminecobalt(III) [Co(NH;)s]** for three days
[16,17]. The exchangeable cations (Na, K, Ca and Mg)
expressed in meq per 100 g of clay fraction are measured using
a Jobin Yvon Ultrace 138 model spectrometer (ICP-AES) [18].
Chemical analyzes of the clay fraction were carried out using
two spectro-meters: an Agilent 7500 model (ICP-MS) and
Jobin Yvon's Ultrace 138 (ICP-AES). The SiO, content is
determined gravi-metrically.

RESULTS AND DISCUSSION

Granulometry: The granulometric distribution of particles
of collected materials obtained by dispersion (Fig. 2) indicates
that the particles with a diameter < 2 um (clay fraction of sample)
contained 23 % of the total particles.
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Fig. 2. Granulometric curve of collected material (MC)

X-ray diffraction analysis: The main reflections around
7,10 and 15 A diffractogram of untreated oriented prepared
and dried in open air of the clay fraction of collected material
(Fig. 3a) indicated the presence of kaolinite, illite and montm-
orillonite [5,19-21]. According to Rosenquist [22] and Bergaya
[6], the reflection at 15 A indicates that montmorillonite present
in the sample is of calcium type. According to Hsieh [23] and
Frederico et al. [24], the main refraction around 17 Aof prepared
oriented treated with ethylene glycol (Fig. 3b) confirms the
presence of montmorillonite. Indeed, in ethylene glycol vapour,
water molecules of intermolecular space of montmorillonite are
substituted by molecules of ethylene glycol. This substitution
increases the interlayer distance and explains the appearance of
main reflection around 17 A in the diffractogram (Fig. 3c).
Similarly, the main reflection around 10 A is observed on all
the diffractograms of oriented preparations (untreated, treated
with ethylene glycol, treated with hydrazine or heated at 450
°C) confirms the presence of illite in the sample analyzed.
Indeed, illite is insensitive to indicated treatments. According
to some researchers [12,25], the absence of principal reflection
around 7 A on the diffractogram of oriented heating at 450
°C. Fig. 3d confirms the presence of kaolinite in the sample
analyzed, since heated at 450 °C destroys the structure of kaol-
inite and explains the absence of its main reflection on the dift-
ractogram (Fig. 3d). The percentages of kaolinite, illite and
montmorillonite of the analyzed sample obtained following
treatment of diffractogram of the untreated oriented preparation
using MacDiff software (version 4.1.2) (Fig. 4) are: 60 % mont-
morillonite, 25 % kaolinite, 4 % illite and 11 % interstratified
illite/montmorillonite. These percentages show a strong predo-
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Fig. 3. XRD 1) oriented sample dried in the open air, 2) oriented sample
treated with ethylene glycol, 3) oriented sample treated with
hydrazine, and 4) a sample heated at 490°C for 4 hours (M =
montmorillonite; K = kaolinite; I = illite; Q = quart; S-I = illite-

smectite)
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Fig. 4. Height reflections of relative abundance of clay minerals constituent
(M = montmorillonite; K = kaolinite; I = illite; S-I = Smectite-
illite)

minance in the analyzed sample of montmorillonite relatively
to kaolinite and illite.

Infrared analysis: Some vibration modes provide impor-
tant information on the structural characteristics of a material.
Fig. 5 gives the infrared spectrum of the clay fraction of the
collected material. The band at 692 cm™ of infrared spectrum
is attributable to the flexions and deformations of Si-O bonds
of certain molecules of the sample analyzed [26-30]. According
to Borchardt [26], the band at 1112 cm is attributed to Si-O
stretching vibrations of kaolinite. Similarly, the band at 3620
and 912 cm™ shows the presence of montmorillonite in the
sample analyzed and further indicated that it is in dioctahedral
in shape [26]. The band at 1027 cm™ is attributed to Si-O-Si
moiety characteristics of bentonite tetrahedral sheets [24,29].
while the bands at 912 and 846 cm™ are the characteristic bands
of bending vibrations of Al-Al-OH and Al-Mg-OH groups of
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Fig. 5. Infrared spectrum of bedrock

bentonite [30-32]. The band at 3696 cm'" is due to the vibrations
in the inner surface hydroxide phase of the sample [33-38].
Finally, the bands at 830 and 750 cm-1 is attributed due to the
presence of illite in the sample [39].

ATG/ATD curves: Fig. 6 shows the ATG/ATD curves of
clay fraction of the sample. The peak around 100 °C of ATD
curve ascribed to an endothermic reaction accompanied by a
mass loss of about 7 % observed on the curve ATG [14,40].
While the peak at 100 °C of the ATD curve ascribed to an endo-
thermic reaction indicating the loss of adsorbed water to the
external surface and/or linked to the interchangeable cations
of clay minerals of the sample [14,40]. This loss of adsorbed
water explains the loss of mass of approximately 7 % of ATG
curve and this peak at 100 °C proves the existence of the band
at 3696 cm™ in Fig. 5. The high intensity of peak around 100
°C indicate the presence of montmorillonite interstratified with
illite [41].
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Fig. 6. TGA-TDA curve of bedrock

The endothermic peak at 400-600 °C of ATD curve of
Fig. 6 indicates that montmorillonite of the sample might
contain iron at an appreciable level [42]. The mass loss between
400-600 °C in the ATG curve is due to dehydroxylation of Al-
Al-OH and Al-Mg-OH groups within the analyzed sample, accor-
ding to reaction 2(OH) — H,O + Or (r, residual) [14,43,44].
The exothermic peak at 950 °C in ATD curve indicates a crystal-
lization of Al-Si spinel phase of kaolinite [45] similarly, dehyd-
ration of illitic phase of analyzed sample also showed endo-
thermic peaks at 56, 157 and 400 °C [46-48].

Adsorption/desorption with nitrogen: The hysteresis loop
of analyzed sample (Fig. 7) can be assimilated to type H3 of
IUPAC classification and type II [49], which indicates the
presence of slotted pores, particles in sheets and majority of
mesopores in the analyzed sample. The BET specific surface
of the sample analyzed (91.36 m*/g) proves its bentonitic character
with intercalation cations Ca** and Mg** [50]. The surface of
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TABLE-1
OXIDE CONTENT OF THE SAMPLE ANALYZED
Oxide SiO, AlLO, Fe,0, CaO MgO Na,O K,O TiO, Loss on fire Total
Mass (%) 53.46 15.68 5.81 2.23 4.02 0.12 0.20 0.20 18 99.72
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DeBoer mesopores of the sample analyzed is found to be 45.48
m?/g. 9.
Chemical analysis: The oxide contents of the analyzed

sample are shown in Table-1. The percentages of SiO, and 10.

Al,O3 in montmorillonite is almost same as according to the
literature value [51]. The proportions of SiO, and Al,Os in the

sample analyzed are compatible to those of a natural bentonite 12.

used to adsorb uranium(IV) [52,53]. The cation exchange

capacity of analyzed sample (0.66 meq/g) obtained by ion- 13.

exchange in a solution of [Co(NH3)s]** is also found be similar

to that of Maghnia bentonite in Algeria [32]. 14,

Conclusion

15.

The identification and characterizations of a material from

the clay deposit of Paleocene Garadaoua Formation in the 16.

Ullemmeden basin of central Niger are investigated. The XRD, 17.
IR and ATG/ATD results of the clay fraction indicate the presence 18,
of montmorillonite, kaolinite and illite with a strong predo-
minance of montmorillonite. The strong predominance of mont- 19.
morillonite, the CEC and the chemical composition of the material
also indicate its calcium-like bentonite nature. Moreover, it good 2.
value of specific surface can be considered as good material for
catalysis. The analyzed sample is also found to be compatible
with some other bentonite viz., Maghnia in Algeria. 21.
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