
Page 1/18

Acid Black 194 Dye Clari�cations Onto Natural And Acid/Base
Activated Smectitic Clays
Salima Chakroun  (  rousa.l.tn.9225@gmail.com )

University of Tunis El Manar: Universite de Tunis El Manar
Haitham Elleuch 

Tunis El Manar University: Universite de Tunis El Manar
Dalel Sghaier 

Tunis El Manar University: Universite de Tunis El Manar
Mohamed Gaied 

Université de Sousse Institut Supérieur des Beaux-Arts de Sousse: Universite de Sousse Institut Superieur des Beaux-Arts de Sousse

Research Article

Keywords: Tunisian clays, Acid/base activation, Characterization, Clari�cation, Acid Black 194 dye

Posted Date: December 17th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1173338/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-1173338/v1
mailto:rousa.l.tn.9225@gmail.com
https://doi.org/10.21203/rs.3.rs-1173338/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
The present work is concerned the Acid Black 194 dye adsorption by Two smectitic clays (BJ and AJ) aged upper Eocene were sampled from
Atlas Central of Tunisia in Kairouan region. Technical characterization was carried out using calcimetry and X-ray diffraction. The activation
studies of clays by HCl/ Na2CO3 have been conducted to improve their physicochemical properties. The optimum result of the surface area

after acid activation (aa) was 398 m2/g for BJ aa and AJ aa, after basic activation (ab) the surface area was 460 m2 /g for BJ ab and 440
m2/g for AJ ab. The characterization by XRD, chemical analysis and SEM observations, were performed before and after optimum activation.

Moreover, the raw and activated samples (aa/ab) under the optimum activation conditions were used in the e�uent treatment. Adsorption
tests were made by batch system at 25 °C in different pH (2-12) and by varying the adsorbent amount (0.025-0.1 g). The best adsorption
results were recorded with pH = 11 and amount adsorbent 0.025 g. The raw clay adsorption capacity was slightly better than activated
samples. The best yield was given by BJ (94%). Therefore, clay can be used in various applications without any characteristic modi�cation.

1. Introduction
Organic synthetic dyes are compounds used in many industries such as automotive, chemical, stationery and more particularly the textile
sector. These dyes are little or no biodegradable. In fact, they contain aromatic rings in their chemical structure that, in turn, hold delocalized
electrons along with different functional groups. The auxochrome groups (as electron donors), are ionizable groups like NH2, OH, COOH, SO3H
types etc [1-2]. It allows to ensure the solubility in the water, and especially to create more or less solid bonds between the dye and substrate
responsible for dyeing capacity. Thus, the auxochromes groups de�ne the tinctorial class. Actually, the presence of amine groups characterizes
a basic dye and that of sulphonic groups characterizes the acid dyes (even in the presence of amino groups), while chromophore (as electron
acceptors) imparts color to these dyes. Within the molecular structure, all chromophores have in common the presence of a series of
conjugated double bonds, among which there exist most often aromatic or pseudo aromatic nuclei such that –C=C–, –C=O, –C=N–, –NO2, -
N=N groups and quinonoid rings [1-3]. Hence, the dyes are classi�ed on two bases, the �rst of which is the chromophoric groups in their
chemical structures as azo, anthraquinone and phthalocyanine dyes, and the second one, it is the method of application as disperse dyes for
polyester and reactive dyes for cotton [4]. Besides, the dyes can be acid, basic, or dispersed nonionic dye [5]. Among these categories, azo
aromatic is the most extensively used element in the worldwide industry [6].

The a�nity between the textile and the dyes varies according to the dye chemical structure and the �bers type to which they are applied (textile
�bers, paper, leather, plastics…) [7]. These dyes are evacuated with liquid e�uents that are mostly directly discharged to watercourses without
prior treatment. It is estimated that about 7.105 tons/year of dyes are produced in the world [8-9]. These colored discharges represent problems
to the human health because many dyes are toxic similarly to hazardous organic compounds [10-11]. The textile industry discharges
concentrated in dyes harm the environment, and affects ground and surface water resources as well as soil properties. Following this great
environmental threat, the discoloration of textile rejects has been the subject of numerous studies. Therefore, the need to be treated or removed
before their disposal or dispersal into water stream or surrounding environment has become imperative [12].

Several treatment methods have been developed, such as coagulation-�occulation, precipitation, ion exchange, irradiation and ozonation,
oxidation and membrane �ltration [13]. However, these processes are expensive and lead to the generation of large sludge amounts or to the
derivatives formation [14]. Recently, the best method for organic dye removal is the adsorption [15]. The adsorption capacity hinges upon the
adsorbent, adsorbate variety and the solution condition [16]. Although the activated carbon is a frequently used in water treatment, it is seen as
very costly and di�cult to preserve. That is why, several research works are oriented to the use of natural materials [17], whose abundance in
the earth crust (covering about 42% of the earth’s crust) [18] justi�es this interest. Previous studies have shown the potential of natural or
treated clays to decontaminate these dyeing e�uents due to their wide properties [19].

In Tunisia, many deposits of calcium bentonite are recognized as Eocene and the Upper Cretaceous outcrops. Eocene calcium bentonite
deposits are extensively dispersed in Central Tunisia [20-21]. In this perspective, the use of Eocene smectitic clay, in Central Tunisia, as an
adsorbent is of great interest thanks to its e�ciency, accessible cost and abundance.

The aim of this work is to characterize representative samples collected from the Central Tunisian sites to be used as an adsorbent for the
textile dye removal. To do so, many parameters of activation and their effect on the environment were studied.

2. Samples And Techniques
2. 1. Sampling and geological setting



Page 3/18

Two raw clays used were collected from Kairouan region in the Central Atlas of Tunisia (Fig. 1). Clay BJ is sampled from the upper limb of the
east �ank of Jebel Bin Jebil, whose coordinates are X=35°N 42’ 57.92’’; Y=9° 37’ 31.81’’E. While the sample AJ is taken from Ain Jeloula area
whose coordinates are X=35°N 51’ 15.19’’; Y=9° 49’ 35.09’’E. The clay samples were kept in an oven at 60°C, and then crushed to be later tested
by calcimetry and mineralogical analysis.

2. 2. Clay activation

The raw clays (BJ and AJ) used were activated by HCl (aa) or by Na2CO3 (ab). Activation test series were performed by testing concentration
acid (0.1, 0.3, 0.5, 0.7, and 1 N) or base (2, 3, 5 and 10%), activation times (1, 2, 4 and 6 h) and activation temperatures (25, 50, 75 and 90°C)
[22]. For preparing acid-activated clay (aa), the treatment consists in shaking a clay with a solution of HCl of known concentration of a ratio of
1 g / 30 ml [23-21]. Thus, the suspension was �ltered and washed numerous times with distilled water until pH 5. While clays activated by the
base were used without washing. Lastly, the treated materials were dried in an oven at 105°C for 24 h. The raw and activated clays under
optimal conditions, having the greatest surface area were used in the e�uent clari�cation tests.

2. 3. Instrumental and Technical analyses

The percentage of CaCO3 was determined from raw samples (BJ and AJ) by using a Bernard calcimeter. The mineralogical identi�cation was
carried out by X-ray diffractometer with copper Kα radiation, and the generator parameters (40 mA, 45 kV) and step size in [° 2Th.] was of the
order of 0.0170°/s for all samples (raw, aa and ab). The used apparatus was of the Philips X 'Pert type. Not only were oriented aggregates
treated with ethylene glycol, but also dried in an oven at 500°C for 2.5 h. The surface area was determined by methylene blue (spot test
method) [24]. The chemical composition of clay (raw, aa and ab) was determined by ICP-AES. The loss on ignition (LOI) was determined by
means of gravimetric method of analysis and measured at 105 and 1000°C for 1 h. It corresponds to the weight percent of the difference
between the calcined samples. The determination of the clay morphology was conducted by Analytical Scanning Electron Microscope (SEM),
model JSM-5400. Furthermore, the absorbance of the treated e�uent was measured by UV-visible spectrometer (Perkin Elmer, Lambda 25).

2. 4. Adsorbate

The e�uent to be treated emanating from leather tannery rejects is loaded with a synthetic organic dye called Acid Black 194 dye, whose
chemical formula is C20H12N3NaO7S and molecular weight is 461.38 mol/g. It was kept refrigerated at 4°C and warmed to room temperature
the following day before being tested.

2. 5. Batch adsorption process

Adsorption tests were made by batch system using a water bath to control the temperature at 25°C. Two adsorption parameters were varied
such that pH was in the range of 2 -12 [25], and the adsorbent amounts were 0.025; 0.05 and 0.1 g. The e�uent pH was adjusted by HCl/
NaOH 0.5 M. The known amount of adsorbents (raw, aa or ab) was placed in erlenmeyer �ask containing 50 ml of e�uent at known pH. The
resulting mixture was then mixed continually for 15 min [26-21]. The solid-liquid suspension was �ltered by polypropylene �lters (0.45 µm) and
dye remaining in the supernatant was measured by spectrometer at 380 nm corresponding to the maximum absorbance (λ max).

The percentage of adsorption capacity was calculated as follows Eq. (A1) [27]:

% adsorption capacity = ×100  Eq. (A1)

with:

Ci: the initial concentration dye in the e�uent (mg/l);

Ce: the concentration dye in the e�uent (mg/l) at contact time t;

The amount of dye adsorbed per unit mass can be calculated using the following equation Eq. (A2) [28]:

qe = [(C0 - Ce)]V/m  Eq. (A2)

where,

qe: is the quantity of dye adsorbed on the adsorbent (mg/g);

C0 and Ce: are the liquid phase concentrations of dye at initial and equilibrium, respectively (mg/l);
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m: is the quantity of clay used (g);

V: is the volume of dye solution (ml);

3. Results And Discussion
3. 1. Clays sample characterization 

The calcimetry results of the studied samples in Table 1 show that BJ clay has a slightly lower content (7%) than AJ clay (10%). As for the X-
Ray diffraction analysis given in Table 1, it indicates that the samples clay are composed of smectite (85-99%) associated with kaolinite (1-
14%). Illite is only presented in the BJ sample with a low proportion of 1%. The percentages of the associated no clay minerals are quartz (5-
8%), calcite (6-12%) and dolomite (7-10%). The last two values con�rm the calcimetry results. Gypsum, feldspar, as well as jarosite are present
only within the sample (BJ) with contents of the order (5%); (5%) and (1%), respectively.

The chemical analysis is shown in the Table 2, revealing that SiO2 and Al2O3 are the major constituents of the BJ and AJ clays. This hyper-
aluminous and hyper-siliceous nature offers the possibility to attribute these two elements to the clay phase [29]. In addition, the CaO level is
higher in the AJ (8.51%) sample than BJ (4.17%), thus con�rming the presence of carbonates. Therefore, the relatively high percentage of MgO
(3-3.79%) indicates the presence of dolomite, which is con�rmed by the DRX analysis. Besides, these elements (SiO2 and Al2O3, CaO, MgO)
represent other oxides (Na2O and K2O) present in lower amounts.

The loss of ignition (LOI) of BJ (19.78%) is superior to that of AJ (17.17%). It is mainly accredited to the loss of H2O from clay minerals,
especially smectite and CO2 originating from the decomposition of calcite and dolomite.

3. 2. Variation of activation parameters

3. 2. 1. Acid/ basic concentration (HCl/ Na2CO3) effect on clay surface area

Figs. 2a -2b show the results of concentration (HCl/ Na2CO3) on the surface area under operating conditions 1h time activation and
temperature 25 °C.

In Fig. 2a pertaining to acid activation revealed that the surface area increased after activation at 0.1 N. The best surface area is given by BJ
aa, increasing from 366 to 398 m2/g. Exceeding the 0.1N concentration, the surface area of BJ aa decreased to 314 m2/g and stabilized until
0.7 N. The increase of concentration to 1N decreased again the surface area 293 m2/g. However, for AJ aa, the activation of clay at 0.1 N
increased the surface area from 303 to 356 m2/g. Beyond this applied concentration, the surface gradually decreased to 262 m2/g at 1 N. This
can be explained by the fact that the increase of HCl at concentration superior to 0.1 N, destroys the structure of the sheets, and consequently
decreases the surface area. According to a previous research work elaborated by Baghdadli et al. 2016 [30], the acidic activation (0.1-0.7 N) of
a typical Algerian montmorillonite causes a progressive degradation of the octahedral clay layers, thus resulting in the smectite structure.
While in the basic activation case, the biggest surface area 440 m2/g for BJ ab and 408 m2/g for AJ ab are reached using 5% and 3% of
Na2CO3, respectively. For BJ ab starting at 5% of Na2CO3, the surface area remained constant, whereas for AJ ab beyond 3%, the surface area

gradually decreased up to 387 m2/g (Fig. 2b). That is why, in the case of acid activation, the temperature was set at 25 °C and the
concentration of HCl was kept at 0.1N. Similarly, in the case of basic activation with Na2CO3, the retained concentrations were 5% for BJ ab
and 3% for AJ ab in order to study the other activation parameters. According to the experimental results of several authors Lakevičs et al.
2014 [31], expanding the concentration of sodium hydroxide from mass 5 to 15%, leads to the drop of the surface area. Consequently, the
surface area of the modi�ed clay is smaller than that of the natural clay.

3. 2. 2. Activation time effect on clay surface area

The results of variation activation time (1, 2, 4 and 6 h) on the surface area of BJ aa and AJ aa are given in Fig.2c. It is noted that, for BJ aa,
one hour of activation was su�cient to obtain a better surface area of the order 398 m2/g. Beyond this applied time, the surface decreased to
366 m2/g and stabilized at that level. Hence, for AJ aa, 2 hours of activation was necessary to increase the surface to 387 m2/g. Beyond this
time, the surface decreased slightly to 378 m2/g.

Fig. 2d shows the variation activation time (1, 2, 4 and 6 h) on the surface area of BJ ab and AJ ab. The results obtained in these tests reveal
that the increase of activation time for 2 hours generated a parallel increase with the surface area. For BJ ab, the surface increased to 460
m2/g and stabilized, while for AJ ab the surface reached its maximum at 440 m2/g and then from 4 hours, the activation decreased (419
m2/g) and stabilized at that time. For this reason, we retained 2h activations for all samples activated with acid/ basic activation, except for
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BJ aa, we kept 1h activation and reserved the optimal concentrations of HCl and Na2CO3 of each sample giving the best surfaces. Similar
results were reported by clay material used as adsorbent [21].

3. 2. 3. Effect of activation temperature on clay surface area

The results obtained from the various temperatures (25-90 °C) on surface area are shown in Figs. 2e- 2f. It is evident that the temperature
signi�cantly affects the structure of the clay during activation.

The acid activation of BJ aa demonstrated that a temperature of 25 °C was su�cient to give an optimal surface area (398 m2/g). The surface
area 377 m2/g slightly decreased with the increase of the temperature to 50 °C. Unlike AJ aa, the application of a temperature above 50 °C
augmented the area to 398 m2/g (Fig. 2e).

During the basic activation, optimal areas for all samples are given at 25 °C: an optimal surface area 460 m2/g for BJ ab and 440 m2/g for AJ
ab are recorded. The increase of the temperature above 25 °C caused a gradual decrease in the surface area of BJ ab and AJ ab, which
stabilized from 75 °C, thus giving a surface of about 450 and 419 m2/g, respectively (Fig. 2f). Therefore, the most important variables
affecting the properties of the acid activated smectites are acid concentration, nature of treatment (HCl or Na2SO3) temperature, shaking time,
and dry (acid/badic)/clay ratio [32].

The aforementioned results con�rmed that all samples were retained in the raw and activated states by HCl/ Na2CO3, under the best activation
conditions, giving the most important surfaces for the continuation of the study: BJ aa (0.1 N, 1 h, 25 °C); AJ aa (0.1N, 2h, 50 °C); BJ ab (5%, 2
h, 25 °C) and AJ ab (3%, 2h, 25 °C).

3. 3. Activation effect on the clay material

3. 3. 1. Chemical analysis

The results of the chemical analysis of the samples BJ and AJ at the raw and activated states by HCl and Na2CO3 are given in Table 2. The PF
decreased more strongly after acid activation than after basic activation. In fact, for BJ and AJ, the percentage PF decreased from 19.78 to
17.26; 17.17 to 15.94, respectively, after acid activation and from 19.78 to 19.01; 17.17 to 16.87, respectively, after basic activation. This
a�rms that the decomposition carbonates, dolomites is more effective by acid than by basic activation [33], further con�rmed by the decrease
in the CaO and SO3 content.

The release of cations in the solution is variable from one element to another, and depending on the type of activation, acid or basic. According
to the literature, Al3+, Fe3+ and Mg2+ elements are cations that belong to the tetrahedral and octahedral layers of clay [34]. Although their
dissolution is di�cult, it can be progressive. The results found in our study show that whatever the activation used (acid/base), Mg2+ is more
easily released than Al3+ and Fe3+, which proves that it is easily released and replaced by H+ during acid activation. Nonetheless, aluminum
percentage increased during acid activation and decreased after basic activation. This can be explained by the fact that the dissolution of
aluminum by the acid is di�cult, whereas it is favored by the base. According to previous research works, it is reported that the solubility of Al
in clay minerals is easier by basic activation than acid activation [35]. Iron dissolution is very di�cult because it is undissolved for all samples.

The losses recorded for Mg >> Al ions in ascending order after the acid activation can be explained by the forces of the metal-oxygen bonds
(EMg-O = 362.3 kJ mol-1, lower than EAl-O = 507.5 kJ mol-1) [34-36].

The SiO2 rate increases for the two samples BJ aa and AJ aa during acid activation from 42.22 to 48.35%; 47.16 to 55.37%, respectively, more
than during basic activation from 42.22 to 42.35%; 47.16 to 48.15%, respectively. Consequently, the activation for a long time which results in
the formation of amorphous silica leads to the destruction of crystalline clay [18]. Similar behavior was noted in the ratio of Si/(Al + Fe + Mg)
which augmented in activated bentonite. Hydrochloric acid caused an increase of the SiO2 content due to the remobilization of octahedral
cations [37-38].

In addition, while the Na+ rate decreased during acid activation, it increased during basic activation. This proves that during acid activation
there was a cationic exchange between Na+ and H+ of the acid in the interfoliar space of the clay and Ca-smectite recrystalization to Na-
smectite during basic activation. According to this process, the Na+ can totally replace the Ca2+ as interlayer cations [39], which is also in
agreement with the results reported by Mosbahi et al. 2017 [33]. Previous studies Nguetnkam et al. 2005; Zorica et al. 2011 [40-41] have shown
that during the activation of smectite clays, there is a leaching of octahedral Al3+ and substitution of exchangeable cations (Ca2+ and Na+) by
protons in interlayer clay.
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Likewise, the K2O rate did not decrease during activation. This shows that this ion is di�cult to release and belongs to the clay structural
pattern.

3. 3. 2. Mineralogical Analysis 

The Figs. 3a - 3b show the X-ray pattern of the BJ and AJ samples before and after acid/ basic treatment under the optimal activation
conditions. The diffractogram indicates a difference in smectite behavior according to the nature of the activation. In fact, during acid
activation, the smectite line (ray) passed from 14.16 to 15.06 Å for BJ aa, showing a more surface area due to the created pores and new
surfaces following the partial decomposition of carbonates and sulphates, thereby to release the cations Mg2+, Na+ and Ca2+ which are
replaced by the proton H+ [42]. These results substantiate the chemical analysis (Table 2). Moreover, the examination of the BJ aa spectrum
demonstrated the increase of lines intensity (by the distinction of the peaks) located at 10.03 Å characteristics of illite, con�rming the removal
of impurities, such as carbonates and sulphates. For AJ aa, the smectite line remained almost stable because the line of AJ and AJ aa are of
the order of 14.92 and 14.95 Å. During basic treatment, the 001 order re�exion of smectite has been moved from 14.16 to 13.20 Å for BJ ab
and from 14.92 to 13.34 Å for AJ ab, thus showing the transfer of a calcium smectite to a sodium smectite following Ca2+ replacements by
Na+ having smaller atomic radius. This is well con�rmed by the chemical previously found analyses. Indeed, the CaO percentage decreased
from 4.17 to 4.05% in the case of BJ ab and from 8.51 to 7.67% in the case of AJ ab (Table 2). Hence, the soda-activation modi�ed properties
of Ca-bentonites [39], which was also observed by several authors such as Mosbahi et al. 2017 [33].

Moreover, the content of quartz increased proportionally with the clays treated by hydrochloric acid or sodium bicarbonate and is related to the
amorphous silica gel formation. Similar tendencies were also noticed with clay samples from Tūja (Devonian), and Laža (Quaternary) deposits
[31].

3. 3. 3. Scanning Electron microscopy observations

The SEM images of the raw and activated clays are displayed in Fig. 4. The micrograph of raw clay (Fig. 4a, d) shows that after their acid
activation, the superposition of clay �akes became less dense and more porous through the dissolution of carbonates (Fig. 4b, e). This
increases the intergranular space and the porosity of clays as previously reported in other studies by Tayebee and Mazruy in 2018 [43]. The
basic activation has an in�uence on the clay particles size (Fig.4c, f), which show angular and irregular edges, thus becoming in an
agglomerates form. This is probably due to the modi�cation of the structure of the clay following the replacement of Ca2+ by Na+.

3. 4. Anionic dye removal 

3. 4. 1. Chemical formula and maximum wavelength of Acid Black 194 dye determination 

The chemical formula of the Acid Black 194 dye is illustrated in the Fig. 5a. A UV spectrum of dye was recorded from 200 to 800 nm using
Perkin Elmer Lambda 25 UV-Vis spectrophotometer. The maximum absorbance wavelength (λmax) of Acid Black 194 was found to be at 380
nm, and its visible spectrum is given in Fig. 5b.

3. 4. 2. Effect of pH on dye adsorption

The study of colorant adsorption on BJ, BJ aa and BJ ab was carried out by mixing 0.05 g of adsorbent with 50 ml of e�uent during 15 mn on
a wide range of pH 2-12. The obtained results are presented in Table 3 which indicates that the electrostatic charges magnitudes are controlled
by the pH [44-45]. Actually, the variation of the optical density of the e�uent treated with the three types of clays (raw, aa and ab) remains
almost similar, especially at pH 11, where the adsorption yield of the dye is optimal. It was clearly noted that for these raw and activated clays
(aa; ab), the optical density was high at acidic pH compared with that found at basic pH (9 to 12). The lowest values of optical density are
recorded at pH 11. This shows that the basic pH acts on the anionic dye Black 194 and promotes its adsorption on the clay. Other studies have
demonstrated similar results when many types of materials and dyes were used. Therefore, increasing the pH to 11 increases the adsorption
capacity of methylene blue, which is explicate by the nature of surface charge of adsorbent and its interaction with the adsorbate [46-47].

Fig. 6a shows that at a low pH (2-3), the percentage of adsorption anionic dye reached about 65% for BJ, 64% for BJ aa and 63% for BJ ab.
Between pH 3 and 7, the adsorption percentage diminished gradually to 56% at pH 7. Beyond pH 8, the adsorption capacity increased
progressively until pH 11, where it reached its maximum of the order 92.45% for BJ, 92.13% for BJ aa and 91.92% for BJ ab.

This behavior can be explained as follows: at pH acid, the Black 194 dye contains two nitrogen atoms charged positively against a negatively
charged group –SO3

-. Thus, the electrical charge balance of the molecule is thus globally positive. This charge allows the dye to bind to the
negative sites of the clay to form a complex (dye-clay) [26-48] (Fig. 7a). When the acidity of the e�uent becomes low at pH between 4 and 7,
the active functions of bonding (OH and N) of the dye with the adsorbent remain partly non-active or uncharged. Therefore, no electrostatic
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interaction is formed between the dye and the clay only by the group SO3
-, and consequently the adsorption rate decreases. At pH superior to 8,

the environment becomes basic, the OH groups totally or partially convert into the form ionic O- depending on the pH of the e�uent and the
pKa of OH groups of dye. These charges allow the dye to bind to the positive sites of the clay to form a complex (dye-clay) (Fig. 7b). Similar
results are reported by many previous studies that showed the in�uence of the pH environment on the overall dye charge and the surface of
the adsorbent to form a link between the dye-loaded groups and the adsorbent [26-49].

Given that the lowest optical densities of the treated e�uent are obtained at basic pH and more precisely at pH 11, we have determined in what
follows the discoloration percentage of e�uent treated by AJ, AJ aa and AJ ab in the range of pH 10 to 12. These data are also in accordance
with other research work, in which the maximum adsorption of dye was achieved at pH11 [50]. Nonetheless, the optimal adsorption of
malachite green dye was accomplished at pH 9 by using 0.05g of bentonite during 10 mn [26].

3. 4. 3. Clari�cation percentage of e�uent treated with AJ, AJ aa and AJ ab as a function of pH (10-12)

From the obtained optical densities of the e�uents treated by the three types of clay (AJ, AJ aa, AJ ab) listed in table 3, the adsorption
capacities of the dye by the studied clays are deduced (Fig. 6b). According to these histograms, the activation of the clay (AJ aa/AJ ab) did
not give an improvement in the adsorption capacity of the dye. The best adsorptions are recorded by the raw clay that varies between 89.42
and 92.18% in accordance with the variation of the pH (10-12). The higher adsorption (92.18%) is given at pH 11 by AJ. Similar results
obtained by former studies have shown optimal adsorption (91%) that was achieved using the same amount of 0.05g clay at pH 9 [26].

3. 4. 4. Adsorbed amount determination of dye by BJ, BJ aa, BJ ab, AJ, AJ aa and AJ ab at pH 11

According to the best adsorption yields of the dye given at pH 11, the adsorbed amount of the dye was determined by the two samples (BJ,
AJ), raw and activated, using a quantity of clay 0.05 g.

The investigation of the quantity of adsorbed dye per unit mass of clay at pH 11 is presented in table 4. It is noted for all the samples that 1 g
of clay was able to retain between 165 and 166 mg of dye. Raw BJ and AJ have a slightly higher adsorption capacity than those activated
acid/ basic clay of about 1%. Along with the experimental results of other research works on the adsorption of dye (methylene blue) onto
activated carbon prepared from rattan sawdust, the observed adsorption capacity was 294.14 mg/g [51].

3. 4. 5. Effect of the amount of clay on dye adsorption

The in�uence of the amount of BJ, BJ aa, BJ ab, AJ, AJ aa and AJ ab adsorbent (0.025; 0.05 and 0.1 g/50 ml) on dye removal was detected at
25 °C, pH 11and contact time (15 mn) (Fig. 8a). The results revealed that for the six types of clays, an amount of 0.025 g was su�cient to
displace 91.83-94.29% of the dye, and the best result was given by BJ (94.29%). Likewise, the effect of the amount of adsorbent of activated
bentonite (1 to 15 mg) on the adsorption malachite green (40 mg/l) is studied by Taybee and Mazy in 2018 [43]. A quantity of 0.01 g of
adsorbent has shown a maximum adsorption of about 99%.

The increase of clay amount introduced from 0.05 g leads to a gradual decrease of the adsorption capacity of clays BJ, BJ aa, BJ ab. This
decrease was about 4% for a quantity used 0.1g. The visual examination coupled with the discoloring power of clays (BJ, BJ aa, BJ ab)
con�rms the obtained results (Fig. 8b). In this case, the small decrease of the adsorption capacity can be explained as follows:

When the adsorbent amount in industrial waste is little, the anions of the dye can easily occupy the super�cial clay sites. Yet, the over addition
of adsorbent generates di�culties for site occupation due to the particle agglomerations [52-21].

Besides, for AJ, AJ aa and AJ ab clays, the increase in the introduced amount of clay has almost no effect on the adsorption capacity which
remains approximately stable. This behavior can be due to the number of adsorption sites that increase with the increase of the quantity of
adsorbent until the mass 0.025 g from which the number of sites becomes constant. Such a phenomenon accords well with those observed by
other authors Gupta et al. 2005, Tsai et al. 2007, Bennani Karim et al. 2010 [53-48-52] who have shown that, starting from a quantity of 0.04 g
of clay, the adsorption of the methylene blue dye becomes constant.

4. Conclusion
The X-Ray diffraction analysis indicated that the BJ and AJ samples clay of the Upper Eocene age, are composed of smectite (85-99%)
associated with kaolinite (1-14%) and low rates of no-clay minerals: quartz (5-8%), calcite (6-12%) and dolomite (7-10%).

The optimal activation conditions with base (Na2CO3) at a concentration of 5% for BJ and 3% for AJ for 1 h at 25°C gave higher surfaces than

those obtained by acid activation (BJ: [HCl] = 0.1 N, 1 h, 25°C and AJ: [HCl] = 0.1 N, 2 h, 50°C), whose values are 460 and 440 m2/g,
respectively.
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The structure of the clay differs according to the type of acid/ basic activation. In fact, during acid activation, there is a cationic exchange
between the interfoliar cation of clay and the H+ of the acid, whereas during the basic activation, there is a transfer of a calcium smectite to a
sodium smectite after Ca2+ replacements by Na+.

It appears that the adsorption capacity of dye by the clay depends essentially on pH e�uent and the amount of adsorbent used rather than on
the surface area importance. Moreover, the application of an amount of clay greater than 0.025 g in the treatment of the e�uent loaded with
Black 194 dye does not improve the adsorption of the dye. Actually, the best adsorption yields of the dye are given by the raw clays, about 94%
for BJ and 93% for AJ using a quantity of clay 0.025 g at pH 11.

It is also worth to note that the dye adsorption percentage in the best conditions (pH=11; amount of clay = 0.025 g) is comparable between the
raw clays (BJ; AJ) and activated (BJ aa, BJ ab, AJ aa and AJ ab) with a variation not exceeding 1%.
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Tables
Table 1 Calcimetry repartition and mineralogical composition of BJ and AJ

Sample % No clay minerals % clay minerals %
CaCO3

  Quartz Calcite Gypsum Dolomite Feldspar Jarosite Pyhllosilicates Smectite
(Sm)

Kaolinite(K) Illite
(I)

 

BJ 5 6 5 10 5 1 68 85 14 1 7

AJ 8 12 - 7 - - 73 99 1 - 10

Table 2 Chemical composition of raw and activated clays samples 

  Oxides %

Sample SiO2 Al2O3 CaO MgO Fe2O3 Na2O K2O SO3 LOI Total

BJ 42.22 17.14 4.17 3.79 6.53 0.22 1.20 2.31 19.78 97.36

BJ aa 48.35 19.03 0.63 2.08 7.26 0.17 1.33 1.43 17.26 97.54

BJ ab 42.36 16.37 4.05 3.71 6.54 2.43 1.16 2.52 19.01 98.19

AJ 47.16 14.21 8.51 3.00 5.65 0.29 0.67 2.56 17.17 99.22

AJ aa 55.35 14.59 1.88 2.48 6.52 0.08 0.73 1.30 15.94 98.87

AJ ab 48.15 13.51 7.67 3.07 5.76 1.66 0.70 1.81 16.87 99.2

Table 3 Optical density variations of BJ, BJ aa, BJ ab, AJ, AJ aa and AJ ab vs pH behaviour

pH

Sample 2 3 4 5 6 7 8 9 10 11 12

OD BJ 2.26 2.263 2.34 2.4 2.782 2.84 1.75 0.855 0.733 0.545 0.625

BJ aa 2.35 2.386 2.386 2.65 2.79 2.86 2.25 1.236 0.792 0.566 0.671

  BJ ab 2.4 2.715 2.715 2.793 2.88 2.89 2.35 1.7 0.892 0579 0822

  AJ                 0.738 0.562 0.636

  AJ aa                 1.015 0.59 0.661

  AJ ab                 1.48 0.607 0.683

Table 4 Comparison of dye adsorption capacity by the clays studied

Samples BJ BJ aa BJ ab AJ AJ aa AJ ab

Adsorbed amount (mg/g) 166.42 165.84 165.46 165.94 165.15 164.68

Figures
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Figure 1

Geographical location of the studied sites
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Figure 2

Variation of acid concentration (HCl) effect on surface area (a); Variation of basic concentration (Na2CO3) effect on surface area (b);
Activation time effect on surface area of clay treated with HCl (c); Activation time effect on surface area of clay treated with (Na2CO3) (d);
Temperature activation effect on surface area of clay treated with HCl (e); Temperature activation effect on surface area of clay treated with
(Na2CO3) (f)
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Figure 3

X-ray Diffractograms of raw (BJ) and activated clays BJ aa (0.1 N, 1 h, 25°C); BJ ab (5%, 2 h, 25°C) (a); X-ray Diffractograms of raw (AJ) and
activated clays AJ aa (0.1 N, 2 h, 50°C); AJ ab (3%, 2 h, 25°C) (b)
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Figure 4

SEM of BJ and AJ samples (a, d); SEM of acid activated clays BJ aa (0.1 N, 1 h, 25°C), AJ aa (0.1 N, 2 h, 50°C) (b, e); SEM of basic activated
clays BJ ab (5%, 2 h, 25°C), AJ ab (3%, 2 h, 25°C) (c, f)

Figure 5
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Chemical formula black 194 dye (a); Visible Spectrum of Black 194 dye (0.2 g/l) (b)

Figure 6

Effect of pH on adsorption of dye by BJ, BJ aa and BJ ab (a); Determination of percentage clari�cation of e�uent treated with AJ, AJ aa and
AJ ab vs pH (10-12) (b)
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Figure 7

Clay �xation method with functional groups of Acid Black 194 dye in acid pH (a); Clay �xation method with functional groups of Acid Black
194 dye in basic pH (b);
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Figure 8

Effect of clay amount (BJ, BJ aa, BJ ab, AJ, AJ aa and AJ ab) on dye adsorption (a); Clari�cation of the e�uent by BJ, BJ aa and BJ ab with
amount 0.1g at pH 11 during 15mn (b)


