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ABSTRACT: A Cuban mineral was used to evaluate its adsorption capacity in the removal of crystal violet (CV)
from aqueous solutions. The mineral was characterized by several physicochemical techniques. Both N,
adsorption-desorption isotherm at 77K, fitted with the Brunnauer—Emmet—Teller model, and the results of the
average pore distribution revealed that the Cuban mineral used in this study is a mesoporous material. The FTIR
spectrum indicated a high content of carbonate species; however, the XPS spectrum also revealed the presence of
silicon species on the surface of the adsorbent, which suggests the coexistence both carbonate and silicate species
in the raw material. The efficiency for CV removal, the role of the contact time and of the initial concentrations of
the adsorbate were evaluated in this study. The adsorption Kinetic was fitted with the pseudo second order model.
This result indicated that the adsorption mechanism was through chemisorption process between CV and Cuban
mineral. The results showed that CV adsorption isotherm was best described by the Langmuir model. The
adsorption capacity for CV was 55.63 mg/g. The abundant deposits, low cost and easy access make of mineral
SANL1 a good natural adsorbent to treat large volumes of dye polluted waters.
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INTRODUCTION

The growth of world population has led to the consumption of water is doubling every twenty years. This fact
requires improving the treatment of domestic water and wastewater. Thus, wastewaters generated by industrial and
domestic activities have also increased, but only around 5% are treated to be recycled. Data reported by the United
Nations show that one in five people worldwide lacks access to safe drinking water, while some 2.4 billion lack
adequate sanitation [1]. The textile industry consumes large quantities of water and produces large volumes of
wastewater in various stages of the processes of dyeing and finishing of the tissues, with high emissions of colored
organic compounds. The dyes when are present in wastewater are discharged into water, even at low
concentrations, producing an intense color that brings a strong environmental impact, not only for its visual
pollution, but rather for its toxicity [2].

The CV is widely used for dyeing in textile industry, in the manufacture of paints and printing inks. Moreover, CV
is the active ingredient of Gram stain, and it is also used as an antibacterial agent in humans [3]. Furthermore, CV
is used as an additive to poultry feed to inhibit mold growth, intestinal parasites and fungi. On the contrary, this
dye is liable to cause moderate eye irritation, it is highly toxic for mammalian cells and it is harmful by adsorption
causing irritation of the skin and digestive tract. In extreme cases, CV can cause respiratory and renal failure, being
classified as a recalcitrant molecule [4].
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For the above and because of the structural complexity of conventional treatment plants for decreasing pollution
load of wastewater, it is reported in the literature that only a low percentage of dyes is removed, suggesting that
many of these wastewaters are discharged without treatment [5]. Some chemical and physical methods, such as
coagulation, flocculation and sonication have been used for the wastewater treatment; however the most of these
processes have several disadvantages such as the high operating costs and the need for specialized equipment [6]
which limits its implantation.

Adsorption is an alternative process, with great prospects for the treatment of wastewater containing dyes.
Activated carbon (AC) is typically used to retain organic molecules; however, its regeneration increases the costs
of its use for the development countries. Nowadays, it is important the development of inexpensive adsorbent
materials and easily available to minimize the amount of organic compounds in wastewater. Several low cost
adsorbents have been proposed for dye removal such as modified magnetic calcium ferrite nanoparticles [7],
bentonite [8], kaolin [9], papaya seeds [10], and orange peel [11], among others.

Sama are deposits of non-metallic Cuban minerals located in the eastern region which have been scarcely studied.
These deposits have mainly used to the cement industry, while its use in the ceramic industry or the manufacturing
of prefabricated elements has been lesser extended. For these reasons, this mineral has a low economic value,
which together with its physical and chemical properties could provide a great potential for the treatment of liquid
and gaseous waste, drinking water treatment and filtering of water for human consumption [12]. Its use as an
adsorbent material would add great economic value, and most importantly, provide an inexpensive adsorbent
compared to the traditional materials used in the wastewater treatment.

The aim of this work is the determination of physical and chemical properties of the Sama mineral. For this
purpose, N, adsorption-desorption at 77 K, X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), X-ray photoloelectron spectroscopy (XPS) were carried out. In addition, the adsorption capacity of this
material was evaluated in the removal of CV from aqueous solutions by the fitting of the experimental data to
adsorption isotherms and sorption kinetics.

MATERIALS AND METHODS

Adsorbent material

The mineral obtained from the Sama deposits was milled and sieved. The fraction used in this work was in the
ranging of 0.10-0.25 mm. The mineral was labeled as SAN1. The material was used in its raw form and another
fraction was modified with an acid treatment (HCI 1M), being labeled as SAN1Q. Both samples were tested for
CV removal from aqueous solutions in a batch process.

Crystal Violet (CV) solution

CV (CI 42555, Amax: 590 nm, molecular weight: 407.99 g/mol, and molecular formula: C,sH3,NsCl, 99% purity)
was purchased from MERCK. A stock solution of CV (1000 ppm) was prepared and suitably diluted to the
required initial concentrations. The concentrations of the dye in stock solutions and all samples during the
experimental tests were measured using a Shimadzu UV-1800 spectrophotometer.

Characterization

Chemical Composition

The chemical composition of the sample was determined by energy dispersive X-ray fluorescence spectroscopy,
using a Shimadzu EDX-800HS spectrometer with Rh target X-ray tube. The X-ray tube was operated at 50 kV and
30 mA. The measurements were performed in air. The measurement time for each element was 100s.

IR spectroscopy

Infrared (IR) spectra were carried out in the 4000-350 cm* range with a resolution of 2 cm ™ and 20 scans for each
adsorbent, at room temperature, using a Shimadzu IRPrestige-21 FTIR attenuated total reflection (ATR).
Diffraction X-ray powder (XRD)

SAN1 and SAN1Q diffractograms were obtained at room temperature, using a diffractometer Shimadzu XRD-
7000 Maxima X, with Cu Ka radiation X-ray tube. The samples were run on a range of 5 to 120° with a step of
0.02 degrees. The X-ray tube was operated at 30 kV and 30 mA.

Surface area, BET (S¢), and pore size distribution

The textural properties of the adsorbents were evaluated using the N, adsorption-desorption at 77 K in a
Micromeritics ASAP 2020 V3.03 E by the fitting of the adsorption isotherms to the Brunauer—Emmett—Teller
(BET) equation. Porosity determinations were performed with a Carlo Erba Mercury Porosimeter (MP) Model
1800 Sortomatic which allowed calculation of the meso- and macroporosity of the raw mineral, through the
volume of mercury entered into the pores with radio between 7500 and 9.4nm (Dp = 15000-18.8 nm).
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X-ray photoelectron spectroscopy

X-ray photoelectron spectra were collected using a Physical Electronics PHI 5700 spectrometer with non-
monochromatic Mg Ka radiation (300 W, 15 kV, and 1253.6 e¢V) with a multi-channel detector. Spectra of the
samples were recorded in the constant pass energy mode at 29.35 eV, using a 720 pum diameter analysis area.
Charge referencing was measured against adventitious carbon (C 1s at 284.8 eV). A PHI ACCESS ESCA-V6.0 F
software package was used for acquisition and data analysis. A Shirley-type background was subtracted from the
signals. Recorded spectra were always fitted using Gaussian—Lorentzian curves in order to determine the binding
energies of the different element core levels more accurately. The samples were directly analyzed without previous
treatment.

Adsorption kinetics

The kinetic analyses of adsorption processes were carried out as follows: A given amount of adsorbent (SAN1 or
SAN1Q) was put in contact with 50 mL of a CV solution of 50 mg/L as initial concentration. Each mixture was
placed in a glass bottles and stirred at different times (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 min) at 120
rpm and room temperature. After that, each sample was filtered. Batch experiments were repeated at least three
times to ensure the accuracy of the obtained data. The CV concentrations in the solutions were determined using
Shimadzu UV-1800 spectrophotometer at a wavelength corresponding to the maximum absorbance, A=590 nm. In
order to elucidate the adsorption mechanism, the adsorption data were fitted to pseudo-first-order, pseudo-second-
order and second-order models.

Pseudo-first-order: This model is commonly used for homogeneous adsorbents and physical adsorption, the
adsorption rate is proportional to the solute concentration [13]. It is represented by equation (1):

(1)

k
log(qg—q,) =logq, — 3303

where: g is the amount of dye retained in the balance (mg/g), g the amount of solute adsorbed per unit of weight of
adsorbent (mg/g) and k; is the pseudo first order adsorption rate constant (min ™).

Pseudo-second-order: This model, represented by equation (2), assumes that the rate limiting stage may be
chemisorption, involving valence forces through the sharing or exchange of electrons between adsorbent and
adsorbate [14]

t 1 t
—= +—(2)
q kyq.* q.

where g, is the amount of dye retained in the balance (mg/g), q the amount of solute adsorbed per unit weight of
adsorbent (mg/g) and k; is the pseudo-second order adsorption rate constant (g/mg min).

Second-order:Elovich model represented by equation (3), of general application in chemisorption processes,
assumed that the active sites of the adsorbent are heterogeneous and therefore exhibit different activation energies,
based on a reaction mechanism of second order heterogeneous reaction process [15]

In(ab) In(t)
T b

(3)

where a is the constant of adsorption (mg/g) and b is the constant of desorption (g/mg).

Adsorption Isotherms

Adsorption isotherm studies were carried with SAN1 and SAN1Q adsorbents by batch equilibrium technique. A
given amount of adsorbent was set in contact with 50 mL of a solution of the dye at different concentrations during
the equilibrium time at room temperature. CV concentrations were determined in the liquid phases as described
above. The dye adsorption capacity was calculated by using equation (4):

C,—C,, )V
Qads - ( QQ) (4)

where Q.45 IS the number of solute adsorbed per unit of weight of adsorbent (mg/g), C; is the initial concentration of
dye in the CV solution (mg/L), Ceq is the CV equilibrium concentration of dye in the solution obtained after
adsorption (mg/L), V is the volume of fluid removed after adsorption (L) and m is the mass of adsorbent used in
each experimental point (g).
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The experimental results were analyzed using adsorption models of Langmuir and Freundlich to determine the
correlation between the solid phase and aqueous equilibrium concentrations.

Langmuir adsorption isotherm: This model assumes that the adsorption is limited to fill a single layer
(monolayer) and there are no interactions between the adsorbed molecules with adjacent bonding sites [16, 17],
and it is given by equation (5).

qumaxCeq
= ——— 5
=14k, )

whereqe is the amount of solute adsorbed per unit of weight of adsorbent (mg/g), Qmax is the maximum adsorption
capacity (mg/g), Ceq is the concentration of solute in the liquid at equilibrium (mg/L), k_ the saturation constant
(mg/L) related to the energy or net enthalpy of adsorption.

The essential characteristics of the Langmuir isotherm can be expressed in terms of separation factor [18] or what
is the same, the balance parameter (R, dimensionless), which is defined by equation (6).

1

R,=——(6
t 1+KL(:QQ( )

whereK, is the Langmuir constant and Cq is the concentration of the dye in the solution after the adsorption.

According to the value of R, ,the shape of the isotherm can be interpreted as follows: If R >1, the adsorption is not
favorable; if R =1, adsorption is linear; if O<R <1, adsorption is favorable and if R =0, the adsorption is
irreversible.

Freundlich adsorption isotherm: This model, represented by equation (7), assumes surface heterogeneity and
exponential distribution of active sites, it provides an empirical relationship between the adsorption capacity and
constant balancing of the adsorbent [19].

d. = kfceqzi?]

whereq is the amount of solute adsorbed per unit of weight of adsorbent (mg/g), Cq is the concentration of solute
in the liquid at equilibrium (mg/L), k¢ Freundlich constant (mg/g) and 1/n Freundlich coefficient which is indicative
of the heterogeneity of the adsorbent surface.

RESULTS AND DISCUSSIONS

Chemical Composition

The results of chemical analysis, estimated by X-ray fluorescence spectroscopy, show the predominance of
calcium, silicon and aluminum. In addition, other elements as alkaline, alkaline earth metals and heavy metals
appear in smaller proportions. These data reveal that the main mineralogical phases must involve the presence of
calcium and silicon species (Table 1).

Table 1: Chemical Composition of SAN (Metal Oxides in wt %)
Kzo F6203 Nap_o CaO S|02 MgO T|02 A|203
0.33 |1.07 |0.02 (4222 |17.71 (046 | 0.1 |2.26

IR spectroscopy

The IR spectrum of natural mineral (Figure 1A) shows bands with vibration frequencies in the range of 700-1500
cm™, which confirms the presence of carbonate species as main mineralogical phase. These bands located at: 713
cm™ (vs), 1420 cm™ (v3), 877 cm™ (v,) and 1087 cm™ (v,) have been assigned to the internal vibration modes of the
carbonate ion CO5* in the form of calcium carbonate [20-22]. Besides the internal vibration modes, the
combination of previous bending modes such as (v4+ v;) at 1800 cm™, (vs+ vy) at 2510 cm™ and 2v; at 2840 cm™
have also been detected [22,23]. Finally, the band with a maximum located at 3400 cm™ has been attributed to H-
bonded water of the humidity of the calcite [24].

In addition, it has been detected a band at 1007 cm™ with a shoulder at 1180 cm™ assigned to Si-O stretching and
Si-O stretching (longitudinal mode) together with a band about 790 cm™ which is attributed to Al-O-Si in-plane
vibration [25]. The band located at 1639 cm™ is attributed to the bending vibration of the water.
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The wide band in the range of 3525-3000 cm™ was assigned to the overlapping of the O—H stretching band of
hydrogen-bonded water molecules (H-O-H) and SiO-H stretching mode of the hydrogen of surface silanol bonded
to molecular water (SiO—O---H,0). The sharp band located at above 3600 cm™ can be assigned to the symmetrical
stretching vibration mode of O—H from isolated terminal silanol groups [25]. In order to ensure that the bands
located between 2980-2870 cm™ do not belong to C-H stretching, the SAN mineral was calcined at 400 °C for 4
hours, remaining these bands which confirms that these bands are attributed to the combination of bending modes
of carbonate species of CaCO; (Figure 1B).

(A) Carbonate species

—— Silicoaluminate species

2513
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Figure 1: IR spectrum of mineral SAN1 (A) and comparative of IR spectra before and after the calcination
at 400°C.

X-ray diffraction (XRD)
The diffractogram of SAN (Figure 2) shows well-defined diffraction peaks of CaCOj; ascribed to calcite species
(CaCOs) (Ref: 98-005-2151) [26]. The calcite particle size was estimated by using the Williamson-Hall method
with a fitting of the diffraction profile, obtaining a crystal size of 134 nm. In addition, it is noticeable the existence
of other mineralogical phases in minor proportion and/or with lower particle size than calcite.
Thus, the diffractogram shows the presence of silica (SiO,) in the form of quartz, located at 26 = 26.6° (Ref: 01-
079-1915), magnesium carbonate (MgCO,) in the form of magnesite (Ref: 98-004-0117), located at 26 = 32.6°,
magnesium oxide (MgO) in the form of periclase located at 260 = 42.2° (Ref: 96-900-6761) and several feldspars
such as albite (Ref: 98-005-2343) and anhortite (Ref: 00-041-1481) located between 26 = 20 and 30°.

* * CaCoO,
+ Clinoptilolite
® Montmorillonite
e Feldspars
4 Quartz

*  x ek

*
hd i A £ M x

SAN Mineral

+ #++ T o SAN (Acid Treatment)

r T T T T T )
10 20 30 40 50 60 70
2 Theta

Figure 2: Diffractograms of SAN1 mineral SAN1Q mineral treated with HCI
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Surface area, BET (S¢), and pore size distribution
According to the IUPAC classification, the adsorption-desorption isotherm of N, at 77 K displays a type Il

isotherm [27], typical of non-microporous solids. The determination of specific surface area by the Sger equation
established a value of 41 m?/g for the raw mineral (Figures 3A and 3B). This Sger valueis low in comparison with
those of other adsorbents used in dyes adsorption processes, such as activated carbon whose Sger values are of
order of hundreds of m?g [28]. However, the cost of this mineral as adsorbent is much lower than that of other
porous materials.The mercury intrusion curve in SAN shows an abrupt initial rise, typical of the space between the
particles filling (Figure 4). Approximately from 20 to 100 atm, the curve is remarkably bent which showed the
presence of macropores with diameters between 750 and 150 nm. Between 100 and 800 atm, the slope varies
slowly indicating that the volume of pores with diameters between 150 and 20 nm is low (less than 10% of total)
and the volume of pores with diameters between 50 and 20 nm (mesopores) is also low (less than 6%, Table 2).
From these results, it could be inferred that the mineral in its natural state, is a macro-mesoporous solid with
predominance of macropores according to the classification of porosity by IUPAC [27]. It is noteworthy that the
low value of S, obtained by N, adsorption at 77 K is in correspondence with the porous properties obtained by MP.

Table 2: Total volume (V+), Volume of pores with diameters lower than 50 nm (V<50nm), and volume of
pores with diameters higher than 50 nm (V>50nm) obtained from mercury porosimetry.

. V+ V<50nm V>50nm
Mineral (cm®/g) (cm®/g) (cm®/g)
SAN 0.208 0.011 0.197

N_(mmol/g)

287 PN-R)

P_(kPa)

T T T T T T
o 20 40 60 80 100

Figure 3: (A) Adsorption isotherm of N ; at 77 K in SAN1 (B) its representation in BET’s coordinates.
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Figure 4: Mercury volume introduced as a function of pressure for SAN1 mineral.

X-ray photoelectron spectroscopy
XPS analysis was carried out to evaluate the surface composition of the adsorbent and the chemical state of their

constituent elements. Table 3 shows the binding energy values (in eV) and the atomic concentration (%AC). The C
1s core level spectrum of the SAN spectrum can be decomposed in two contributions assigned to adventitious
carbon and organic matter, both located at similar BE, about 284.8 eV, and carbonate species located at 289.4 eV,
which is in agreement to that observed in the FTIR spectrum and XRD data (Figures 1 and 2). The O 1s core level
signal shows a unique contribution located at 531.5 eV that can be ascribed to the presence of carbonate species
and/or aluminosilicate species. The Ca 2ps, region displays a contribution located about 346.6 eV attributed to

calcium (1) in the form of carbonate species.
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With regard to the Si 2p region, the signal located at 102.7 eV is attributed to silicon species in the form of
aluminosilicate. In the same way, the Al 2p region shows a band about 74.2-74.3 eV which is assigned to
aluminosilicate. In addition, minor quantities of Mg and Fe were detected.

Table 3: Binding energy values of the constituent elements of SAN mineral before and after the adsorption
process (SAN-VC) and their respective atomic concentrations (%) determined by XPS

SAN SAN-VC
Element Binding Energy Atomic concentration Binding Energy Atomic concentration
(eV) (%) (eV) (%)
C1ls 284.8 11.5 284.8 13.8
C1s - - 287.2 1.0
C1ls 289.4 8.1 289.5 6.6
C1ls
(Total) - 19.6 - 214
O1s 531.5 55.7 531.5 53.4
Si2p 102.7 13.7 102.5 14.2
Al 2p 74.2 1.8 74.3 1.8
Ca2p 346.9 7.6 347.1 6.5
Mg 2p 49.5 0.9 49.5 0.7
Fe 2p 711.9 0.7 711.7 1.0
N 1s - - 399.1 1.0

Obtainment of the calibration curve
The calibration curve has been obtained based on the absorbance against the concentration of CV in working
solutions. Analyzing the values of the correlation (R=0.997) and determination (R?=0.997) coefficients, it has been
possible to infer the good correlation between the variables plotted.
Determining the minimum adsorption time
According to the form of the graphical Q.4=f(t) of the adsorbed CV in SAN, the highest adsorbed amount (12.1
mg/g) was reached after 25 minutes of stirring, which was taken as the equilibrium time of the process for fixed
experimental conditions.
The shape of the graph indicates that the adsorption process was divided into three stages: a first step where the
amount adsorbed increases rapidly over time, perhaps due to the diffusion of CV from the solution to the surface of
the adsorbent. A second stage where the process is very slow and a third stage in which Qg remains constant,
indicating that the equilibrium has been reached (Figure 6).
The analysis of the results obtained by applying the kinetic models (Figure 7) indicates that the process adsorption
is best described with the model of pseudo-second order model, which is able to assert that the adsorption process
should occur due to valence forces through the exchange or sharing of electrons between the CV and SAN. This
conclusion was based on the analysis of the correlation coefficient (R?=0.994) (Table 4), in addition to the
comparison between the experimental value of the amount of adsorbed dye and calculated value with each model.
Adsorption parameters on the model of second order were quite different; the rate of adsorption was 2.5x10™
times smaller than the initial rate of dye adsorption; indicating that the affinity of CV for the binding sites of SAN
is very high.

Table 4: Parameters calculated from the kinetic model used

Pseudo-First Order |
qgcalc(m.gr}r.g) qgexp(m.g/g] kl(min_lj R?
12.028 12.118 0.542 0.725 0.163
Pseudo-Second Order
Qecalce (mg/.g] Qeexp (mg;g) Kz (9/mg min) R?
12.226 12.118 0.84 0.994 0.011
Second Order
a(mg/g*min) | b(mg/g * min) R* SSE
7.763 x 10° 3.042 0.848 0.117
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Figure 5: Calibration curve for CV solutions

12,2

T T T
0 10 20 30 40 50 60
t (min)

Figure 6: Amount of adsorbed of CV on SAN1 vs. time.
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Figure 7: Kinetic models of pseudo-first, pseudo-second and second order

Adsorption isotherms
The experimental adsorption isotherm of CV in SANL is shown in Figure 8. The isotherm has been fitted to the

Langmuir equation (R?=0.99) (Table 5) reaching a Q. value of 55.63 mg/g. Therefore it was inferred that the
adsorption takes place at specific sites of the adsorbent surface; considering that each site is occupied by a single
adsorbate molecule and adsorption ceases once the material surface is saturated. The separation factor R, for the
CV adsorption in SAN was 0.3, indicating that the adsorption process is favorable. The strength of the interaction
between adsorbent and adsorbate was carried out through desorption process at 373 K and later analysis in the UV
spectrophotometer. In any case, it has been observed dye extraction of the adsorbent, which indicates the strong

interaction between adsorbate and adsorbent.
Table 5: Calculated parameters from of the adsorption isotherms model of CV in SAN

Langmuir Freundlich

Amax(Mg/g) |k (mg/L) |R? n ke(mg/g) |R?

55.63 0.046 0.997 2.259 6.489 0.98
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Figure 8: Experimental adsorption isotherm of CV in SAN1

In order to confirm the adsorption of CV in SAN, the raw mineral was recovered after the adsorption process and
was evaluated by FTIR, elemental analysis (CNH) and XPS analysis. After the adsorption process, the FTIR
spectrum (Figure 9) displays how new bands located at 1588, 1377 and 1169 cm™ arise which is attributed to C=C
stretching in aromatic nuclei, C-H deformation in methyl and C-H stretching in aromatic ring, respectively [33]
confirming the adsorption of CV.

—— SAN mineral before adsorption
—— SAN mineral after adsorption

r T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber(cm")

Figure 9: IR spectra before and after the adsorption process.

The elemental analysis (CNH) shows an increasing of the carbon content from 8.39 wt. % for the raw adsorbent to
8.78 wt.% for the SAN1 material after the adsorption process. In addition, it is noticeable the presence of a
nitrogen content of 0.051 wt.% which also corroborates the adsorption of CV on the SAN1 mineral.

The XPS analysis of the mineral after the adsorption process (Table 3) shows how the carbon atomic concentration
(%) increases as well as it arises a new contribution located at 287.2 eV attributed to C-N bonds. In addition, it
appears a new signal in the N 1s region about 399.1eV attributed to -N-(CHs), [34]. Moreover, the other elements
diminish their atomic concentration on the surface, which suggests the adsorption of the CV takes place on the
surface of SAN1 mineral (Table 6).

Table 6: Adsorption capacities of various adsorbents materials and SAN

Crystal Violet

Materials Qaas(Mg/g) Reference
activated sintering process red mud 60.5 [29]
Sulfuric acid-activated carbon 85.8 [30]
ﬁarAIg/M Mt nanocomposite 88.8 [31]

ydrogels

Ti0O,-based nanosheet 58.3 [32]
Untreated rice bran 41.68 [32]

SAN 55.63 This Work

In order to elucidate if the adsorption process is attributed to the carbonate or aluminosilicate species, the SAN1
mineral was digested with HCI to remove the carbonate species of the mineral. The acid treatment leads to the loss
of the material of 90 wt. %. The XRD of the treated material (Figure 2) confirms the absence of the typical
diffraction peaks of carbonate species. This diffractogram reveals the existence of a natural zeolite (clinoptilolite),
a mixture of feldspars and minor quantities of clay mineral and quartz. The acid treatment causes a slight increase
of the specific surface area from 41 m%g for the SAN1Q mineral to 61 m%g for the SAN treated with HCI. This
material maintains a type Il isotherm with a H3 type hysteresis loop which is attributed to agglomerates of particles
forming slit shaped pores (plates or edged particles like cubes) [27].
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With regard to the FTIR spectrum of the SAN1Q treated with HCI (Figure 1b), the typical bands of carbonate
species disappear, as was observed in the XRD data (Figure 2). This spectrum displays a broad band between 1300
and 900 cm™ which is attributed to the Si-O stretching of the aluminosilicate material and a band close to 790 cm™
ascribed to Al-O-Si in-plane vibration [25]. In addition, the broad band between 3700 and 3000 cm™ is attributed
to the symmetrical stretching vibration mode of O—H of the natural zeolite (clinoptilolite). Finally, the band about
1640 cm™ is assigned to the bending vibration of the zeolitic water [25].
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Figure 10: Experimental adsorption isotherm of CV in SAN1Q treated with HCI

The isotherm adsorption of the SAN1Q treated with HCI (Figure 10) displays a m.x=50.21 mg/g. This value is
slightly lower than those obtained for SAN1 material. This fact indicates that the adsorption process is mainly
attributed to the presence of rich-carbonate minerals such as calcite. It has reported in the literature that zeolite has
a higher adsorption capacity, however the low specific surface area of the SAN1Q treated with HCI and the
blockage of the active centers by the presence of water hinders the access of CV molecules to the active sites. It
has been reported in the literature that the amine groups tends to be adsorbed on the negatively charged calcite
surface suggesting that the adsorption process of the amine is mainly due to electrostatic attraction between the
negative carbonate species and the positive ammonium ions [35]. A previous research about surface speciation of
Ca and Mg carbonate minerals in aqueous solutions reported that the main carbonate surface species are >COj3 (at
pH> 5) and >CO;H" (at pH <3) which confirms the negatively charged surface of the calcite [36].

CONCLUSIONS

1. SANL has proved to be a mineral with a high content of calcite mainly macroporous and with a relatively

low specific surface.

2. Adsorption of CV by SAN1 was satisfactorily adjusted by the Langmuir model.

3. The kinetics of adsorption of CV by SANL1 is satisfactorily described by the pseudo-second order model.
The relatively high adsorption capacity for CV by SAN1: 55.63 mg/g, the speed of the process and the
great availability of mineral, make it a good prospect for use in removing CV from aqueous solutions,
especially when large volumes of contaminated water require to be treated.

>
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