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ABSTRACT

In this work, eggshell powder was used as a low-cost adsorbent for the removal Cr(VI) and Co(II)
ions from aqueous solutions as a function of contact time, adsorbent concentration, adsorbate con-
centration, pH and temperature. Eggshell powder was characterized by X-ray diffraction, scanning
electron microscopy and N, physisorption measurements. The kinetic studies showed that the
experimental data of both solid-liquid systems studied were well adjusted to pseudo-second order
kinetics and Langmuir isotherm models. The results showed that the metal ion adsorption equilib-
rium was attained after 300 min of contact time for the Cr(VI) ion and 180 min for the Co(II) ion.
The Co(Il) ion adsorption capacity of eggshell powder was found to be approximately four times
greater than the Cr(VI) ion. From the Langmuir isotherms, the maximum adsorption capacities of
0.6815 and 2.2888 mg/g were found for Cr(VI) and Co(Il) ion, respectively. The thermodynamic
parameters were evaluated and showed that Cr(VI) and Co(Il) ion adsorption onto eggshell powder
were endothermic and spontaneous processes under the studied conditions. These findings demon-
strate the important role of eggshell powder as a readily available and low-cost adsorbent for the

efficient removal of Cr(VI) and Co(Il) ions present in aqueous media.
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1. Introduction

Currently, the water contamination by heavy metals
of high toxicity, such as arsenic, barium, cadmium, cobalt,
and chromium, among others, has been an environmen-
tal issue of special interest, because these heavy metals
are very persistent and can accumulate in soil and water,
as has been widely documented [1-4]. Furthermore, it can
be seen that the concentrations of these contaminants have
increased considerably, due to their excessive use in indus-
trial processes. It is worth noting that the discharge of the
effluents to the environment is carried out without previous
treatment [5,6]. Specifically, hexavalent chromium (Cr(VI))
compounds are currently being used in a wide variety of
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commercial processes and the unregulated disposal of the
chromium-containing effluents has led to the contamination
of soil, sediment, surface and ground waters [7-11].

On the other hand, exposure to cobalt is of widespread
concern. It is well known that cobalt is a toxic contaminant
that may contribute to the appearance of a plethora of dis-
eases and disorders when accumulated in living tissues;
exposure to this metal produces respiratory illnesses in
humans, including lung cancer, asthma and alveolitis. With
regards to Co(Il) carcinogenicity, there are few studies com-
pared with those that deal with the carcinogenicity of Cr(VI)
[12-16]. Nonetheless, Cr(VI) and Co(Il) ions should be
removed from bodies of water in order to reduce the hazard-
ous effects of these toxic metals to human health [17]. In this
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regard, adsorption processes are considered to be the most
promising approaches to remove heavy metals from water
through the use of solid adsorbents, which present a large
surface areas, porous structure, high adsorption capacity and
selectivity [18-28]. Recent studies have shown that the use
of non-living biomaterials has been gaining interest because
these compounds require minimum care, maintenance and
can be obtained more cheaply than other inorganic materials
[29-33]. In this sense, eggshell has been identified as a prom-
ising biomaterial for environmental purposes, because it has
a high affinity for the adsorption of many polluting agents
of nuclear and environmental interest. Also, this bioadsor-
bent is widely available as a poultry waste product and has
shown greater advantages in terms of cost, reliability and
performance than other known biomaterials [34,35].

Thus, the purpose of this study was to investigate the
Cr(VI) and Co(Il) ions adsorption capacity of a low cost
and highly available waste biomaterial (eggshell powder)
in aqueous solutions, in order to evaluate their potential
application in the removal of heavy metals. These studies
were dedicated to the preparation process, physicochem-
ical characterization of the prepared powder and to the
broad description of heavy metal ion adsorption processes.
Additionally, the kinetic, equilibrium and thermodynamic
parameters of these adsorption processes were analyzed and
discussed, making use of the current knowledge on kinetics
and isotherm models available in specialized literature.

2. Materials and methods
2.1. Materials and chemicals

All chemical reagents used in this study were of ana-
lytical grade, purchased from different companies and
used without further purification: 1,5-diphenylcarbazide
(Sigma-Aldrich, St. Louis, Missouri, USA ACS reagent, 100
wt.% purity), NaHCO, (J.T. Baker, New Jersey, USA ACS
reagent, 99 wt.% purity) H,SO, (Reasoll, México city, México
ACS reagent, 98 wt.% purity), H,O, (Baker ACS reagent,
100 wt.% purity), K,Cr,0, (Baker ACS reagent, 100 wt.%
purity), Co(NO,),6H,0O (Baker ACS reagent, 100 wt.% purity),
HCI (Baker ACS reagent, 38.0 wt.% purity) and NaOH (Baker
ACS reagent, 100.0 wt.% purity). Distilled water was used to
prepare all solutions.

2.2. Adsorbent preparation

The solid adsorbent, in powder form, was prepared
directly from white eggshell (ES), laid by hen. The dirt and
impurities attached were removed by several successive
washes with abundant distilled water. Subsequently, the
powder was oven-dried at 353 K for 1 h, and finally milled
in an agate mortar and sieved in a 60-mesh screen, obtaining
homogeneous 0.25 mm particles.

2.3. Adsorbate preparation

The stock solutions of Cr(VI) and Co(II) ions were pre-
pared by dissolving a known quantity of K.Cr,O, and
Co(NO,),6H,0 salts in distilled water, respectively. From
these solutions, the desired standard concentrations of the

Cr(VI) and Co(Il) ions were prepared by serial dilution.
The Cr(VI) and Co(Il) ion calibration curves were obtained
from standard concentrations, ranging from 10 to 60 mg/L,
and from 5 to 50 mg/L, respectively. These standard con-
centrations were prepared under the same procedures and
a minimum of six points for each measurement was con-
sidered, in order to obtain a good data correlation (R*= 1).
The obtained line equations were employed to determine
the unknown concentration of Cr(VI) or Co(Il) ions in the
sample, at absorbances of 540 and 511 nm, respectively.

2.4. Batch adsorption experiments

Batch adsorption experiments were conducted in sep-
arate glass vials in which 0.1 g of ES powder was mixed
with 10 mL of aqueous solution containing Cr(VI) or Co(II)
ions at concentrations of 10 and 50 mg/L, respectively. The
mixtures were kept in constant agitation at 120 rpm and at
different time intervals for the kinetic study in a bath with
controlled temperature (293 + 1 K). After agitation, the
solutions were separated from the solid phase by centrifu-
gation at 3,000 rpm for 5 min; subsequently, an aliquot of
5 mL was taken for Cr(VI) and 1 mL for Co(Il). In all the
experiments, the amount of studied contaminant was quan-
tified by UV-Vis spectrophotometry, using a spectrophotom-
eter (Shimadzu model 265, Tokyo, Japan) and performed
through the 1,5-diphenylcarbazide method for chromium
[36] and the sodium bicarbonate method for cobalt [37].
Finally, the quantity of Cr(VI) and Co(Il) ions adsorbed in
mg per gram of adsorbent (at equilibrium) was calculated by
using the following equation [38,39].

qEZCO—Cf

xV 1)
m

where m is the mass of adsorbent (g), V is the volume of solu-
tion (L), C, is the initial metal concentration (mg/L) and C, is
the metal concentration at equilibrium (mg/L). On the other
hand, the Cr(VI) and Co(Il) ion removal percentages (%)
were determined from the difference between the initial and
final concentration of both chromium and cobalt ions present
in aqueous solution, before and after contact; the following
equation was used:

C,-C
“C L %100 ()

0

Percentage (%) removal =

2.5. Equilibrium isotherm experiments

Equilibrium isotherm experiments for Cr(VI) and Co(II)
ions were performed by mixing metallic aqueous solutions
at different concentrations (2.5-20 mg/L and 10-80 mg/L,
respectively) with 0.1 g of adsorbent at 293 + 1 K, considering
the optimum time and pH of each metal in order to ensure
the attainment of equilibrium and efficient adsorption.

2.6. Adsorbent characterization

Prepared dry ES powder was characterized by dif-
ferent techniques, such as X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), energy dispersive X-ray
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spectroscopy (EDXS) and N, physisorption measurements.
The XRD pattern was recorded on a X-ray diffractometer
(Siemens D-500, Madison WI) using CuKa radiation for crys-
talline phase detection between 5° and 70° in 20. The “Joint
Committee on Powder Diffraction Standard (JCPDS) files”
software was used to identify the compound phase. The mor-
phology of the ES powder sample was determined through
the SEM method, using a SEM (JEOL-JMS-5900 LV, Tokyo,
Japan). The semi-quantitative microanalysis was carried
out using the EDXS technique, through a (JEOL-JMS 5900,
Tokyo, Japan) equipment. Finally, the Brunauer—-Emmett—
Teller (BET) specific surface area, mean pore diameter, total
pore volume, and the adsorption-desorption isotherm of the
prepared solid material was determined by N,-physisoption
measurements at 77 K with a Belsorp Max (Japan INC,
Osaka, Japan) equipment; the sample was previously heated
at 573 K for 2 h before the measurements were carried out.
The general experimental process scheme is shown in Fig. 1.

3. Results and discussion
3.1. Characterization
3.1.1. XRD analysis

The XRD pattern of the ES powder (Fig. 2) shows a single
product with a high degree of crystallinity. The intensity of
the diffraction peaks was mainly observed between 29 and
50 in 20 values, with an important broad reflexion centered
at 29.5 in 20 degree. From these results, it is revealed that
the eggshell is predominantly composed of calcium carbon-
ate since, according to the JCPDS file No. 01-085-1108 and
the well-defined reflexions, the peaks correspond to a pure
calcite phase (CaCO,).

3.1.2. SEM-EDXS analysis

The ES powder morphology observed through the SEM
study is shown in Fig. 3. This sample reveals the presence of

fine, elongated, amorphous particles with irregular surfaces,
and a high degree of packing, with homogeneous and uni-
form components distribution, and particle sizes between 1
and 5 um. The microelemental analysis by EDXS, using an
aluminum support, revealed that the ES powder was mainly
constituted by carbon, oxygen and calcium elements, with
very small amounts of Mg, P and S (Fig. 3).

3.1.3. N,-physisorption measurements

N,-physisorption measurements revealed that the ES
powder has a BET specific surface area of 10.9 m?/g, a total
pore volume of 0.047 cm®/g, —and a mean pore diameter of
16.71 nm. The N, adsorption—-desorption isotherm obtained
for the ES sample shows an isotherm type IV with very nar-
row H3 hysteresis loops (Fig. 4), according to the International
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Fig. 2. X-ray diffraction pattern of ES powder.
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Fig. 3. SEM image and EDXS study of ES powder.
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Fig. 4. N, adsorption—-desorption isotherm of ES sample.

Union of Pure and Applied Chemistry (IUPAC) classification,
which is usually associated with mesoporous solids.

3.2. Adsorption experiments
3.2.1. Initial pH effect

One of the most important factors in adsorption studies
is the solution’s pH effect; according to Calvete et al., [40],
the chemical species of heavy metal may present different
ranges of suitable pH for the adsorption depending on the
used adsorbing material. For this reason, the adsorption
of Cr(VI) and Co(1Il) ions, as a function of initial hydrogen
ion concentration, was determined for solution pH values
ranging from 2.0 to 8.0, which were adjusted to the desired
value using either 1.0 M HCI or 1.0 M NaOH solutions. A
maximum adsorption was found to be around pH 2 + 0.1
(0.7480 mg/g) and 8.0 (1.6798 mg/g) for Cr(VI) and Co(Il)
ions, respectively (Fig. 5). Cr(VI) in a weak acid, dissociates
itself into HCrO,, H,CrO, and CrO? ions, so that the pro-
tonation of water attached to the surface of the adsorbent is
facilitated when put into contact with water, thus promot-
ing a positively charged surface by inducing an electrostatic
attraction of negative Cr(VI) ions (anions) present in aqueous
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Fig. 5. pH effect on Cr(VI) and Co(ll) ion adsorption on ES
adsorbent.

solution. In addition, our results are consistent with those
reported by Tewari et al. [41], showing that Cr(VI) chemical
species are efficiently removed at a pH range between 2.0
and 3.0; these results are also in accordance with Zhou et
al. [42], which found that the rice straw prepared by pyrol-
ysis at 573 K in acidic conditions (with hydrochloric acid)
adsorbed 89.9% of Cr(VI) ions. It was also noted that Co(II)
ions presented an efficient adsorption capacity in an alkaline
medium, as shown in Fig. 5. However, it is important to note
that at a high pH values (>8), Co(Il) precipitation is possible.
Nevertheless, at low pH values, unfavorable adsorption of
Co(II) ions was obtained, due to the presence of a higher con-
centration of H* ions in the solution (the surface of the ES is
positively charged) which results in a competition between
Co(II) ions for the active adsorption sites [43].

3.2.2. Contact time effect

The contact time effect on the removal efficiency for
Cr(VI) and Co(II) ions using a known quantity of ES sam-
ple and a known concentration of heavy metal solutions is
shown in Fig. 6. As can be seen, the adsorption rate of Cr(VI)
and Co(Il) ions were rapid in the first 180 min, and then
reached the point of equilibrium within the first 300 min for
Cr(VI) and 180 min for Co(II), respectively. It was observed
that the achieved efficiency removal of metal ions at the
equilibrium point was g,= 0.4608 and 1.9439 mg/g of Cr(VI)
and Co(II), respectively. Furthermore, the increase, in con-
tact time did not lead to a significant adsorption of ions by
the ES powder, since the plateau curves were defined after
the mentioned times, due to the saturation of the active sites
of the ES sample.

3.2.3. Adsorbent dose effect

To evaluate the adsorbent dose effect on the adsorption
processes of Cr(VI) and Co(Il) ions, equilibrium experiments
were carried out by placing different amounts of ES pow-
der, in the range of 0.01-0.4 g, into the test solution while
maintaining pH =2 + 0.1 or 6 + 0.3; t = 300 min or 180 min,
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for Cr(VI) and Co(Il) ions, respectively. Fig. 7 presents the
variation of removal percentage for Cr(VI) and Co(II) ions vs.
adsorbent dose, which indicates that the adsorption capacity
gradually increased with sorbent amount (0.01-0.1 g) and
the percentage of removal metal ions, reached a maximum
of 52.01% and 29.20% for Cr(VI) and Co(II), respectively,
while adsorption capacity remains almost constant in the
range of 0.15-0.4 g. The results could be attributed to the fact
that, with the increase in the dosage of adsorbent (ES), the
metal ions have interchangeable sites available, resulting in
a higher adsorption [44].

3.2.4. Adsorbate concentration effect

In this work, different concentrations of Cr(VI) and
Co(II) ions were used in order to find the optimal concentra-
tion of adsorbate to be used in the adsorption experiments.
The influence of initial concentration is shown in Fig. 8.
The maximum adsorption efficiency reached was 85.64%
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Fig. 6. Contact time effect of Cr(VI) and Co(Il) ion adsorption
behavior on ES powder.
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Fig. 7. Adsorbent dose effect on Cr(VI) and Co(II) ion adsorption
on ES powder.

and 61.97% at concentration of 2.5 and 15 mg/L, for Cr(VI)
and Co(II), respectively. However, at higher concentrations,
the available sites of ES adsorption become fewer; thus, the
high removal percentage of metal ions is favored by low
concentrations; this behavior was also seen in the work of
Putra et al. [45].

3.2.5. Temperature effect

The influence of temperature (293-333 K) over the
adsorption of Cr(VI) and Co(Il) ions by ES was studied. As
shown in Table 1, at a higher temperature, the metal ions
adsorption is clearly increased because the mobility of metal
ions also increases, leading to a greater ability to interact with
the active sites of the ES powder, which enhances the adsorp-
tion capacity of the metal ions with the rise in temperature.
This implies that, for the initial concentration of Cr(VI) and
Co(Il) ions, the adsorption is endothermic in nature.

3.3. Adsorption kinetic study

In order to investigate the adsorption process kinetics, the
pseudo-first order and the pseudo-second order models were
used to analyze the experimental data of Cr(VI) and Co(II)
ions adsorption by ES powder as a function of contact time.

3.3.1. Pseudo-first order kinetic model

Fig. 9 shows the plot of In (g,—q,) vs. t, which gives the
linear relationship from which the first-order adsorption
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Fig. 8. Adsorbate concentration effect of Cr(VI) and Co(II) ion
adsorption capacity on ES powder.

Table 1
Temperature effect on Cr(VI) and Co(II) ion adsorption capacity
(%) on ES powder

Metallic T (K)

ions 293 303 313 323 333
Cr(VI) 63.22 68.77 74.02 79.44 86.15
Co(1l) 29.88 35.58 39.46 4333 46.02
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3.3.2. Pseudo-second order kinetic model

Fig. 10 shows that the plot of t/q, vs. t is a straight line
with a slope of 1/, and an intercept 1/kq,. Using the value
of g, from the slope, the value of k, was determined from
the intercept. The calculated value of k, g, and their corre-
sponding regression coefficient (R?) values are presented in
Table 2. The regression coefficients were found to be linear
with 0.9998 and 0.9999 values for Cr(VI) and Co(Il) ions,
respectively, which confirms that the adsorption kinetics of
Cr(VI) and Co(II) ions follows a pseudo-second order pro-
cess and is thus a suitable model to describe these studied
solid-liquid systems. Therefore, it can be concluded that the
adsorption of Cr(VI) and Co(Il) ions by ES powder can be
better explained by the pseudo-second order kinetic model
than by the pseudo-first order kinetic model, indicating
that the adsorption processes may be preferably carried out
through a chemisorption process. Specifically, the kinetics of
the Cr(VI) ion adsorption are in agreement with the results
obtained for hexavalent chromium with bio-composite
mango kernel (Mangifera indica) [46].

3.4. Adsorption isotherms

The equilibrium between the liquid and the solid phases
is well described by adsorption isotherms. Experimental
isotherm data were fitted into Freundlich and Langmuir
classic adsorption isotherm models. For the equilibrium
concentration of adsorbate C, and amount of metal ions

T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600
Time (min)

Fig. 10. Pseudo-second order kinetic plots for Cr(VI) and Co(II)
ion adsorption on ES powder.

adsorbed at equilibrium g, the following linear forms of
Freundlich (Eq. (3)) and Langmuir (Eq. (4)) isotherms were
studied [47,48]. The result of equilibrium isotherms for
sorption of Cr(VI) and Co(II) ions on ES powder is shown in
Figs. 11 and 12.

Ing, =InK, + 3

ng =Ko ©)
K .C

qE:qmax L (4)
1+K.C,

where C, is the equilibrium concentration of Cr(VI) and Co(II)
ions in solution (mg/L), g, is the amount of Cr(VI) and Co(II)
ions adsorbed per unit weight of adsorbent at equilibrium
(mg/g), q,... is the monolayer adsorption capacity (mg/g), and
K, is the Langmuir constant and is related with the energy
of the adsorption (L/mg), K, (mg/g)(L/mg)*"and 1/n are the
Freundlich constants related to adsorption capacity and
adsorption intensity, respectively.

Fig. 10 is a plot of Ing, vs. InC, allows to determine the
constant K, and the adsorption intensity n. K, represents
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Fig. 11. Langmuir isotherms for Cr(VI) and Co(II) ion adsorption
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Fig. 12. Freundlich isotherms for Cr(VI) and Co(II) ion adsorption
on ES powder.

the quantity of Cr(VI) and Co(II) ions adsorbed onto the ES
powder for an equilibrium concentration. When 1/n > 1, the
change in adsorbed concentration is greater than the change
in the solute concentration.

The Freundlich model is suitable for use with a heteroge-
neous surface, but can only describe the adsorption data over
a restricted range. The Langmuir and Freundlich isotherm
models give straight lines, intercepts and slopes, which were
used to determine the values of Langmuir and Freundlich
parameters, as given in Table 3.

It is concluded that the values were better adjusted to
the Langmuir model, indicating that the values of maximum
adsorption correspond to a saturated monolayer of adsorbate
molecules over the ES surface with constant energy, and no
transmission of adsorbate occurs in the plane of the adsor-
bent surface. The observed K, value shows that the adsorbent
prefers to bond acidic ions. In addition, if the values of n are
between 1 and 10, that indicate a good adsorption. Therefore,

Table 3

Langmuir and Freundlich isotherm parameters of Cr(VI) and
Co(Il) ion adsorption on ES powder

Parameters Metallic ions
Cr(VI) Co(II)
Langmuir
g, (Mg/g) 0.6815 2.2888
K, (L/mg) 1.4958 0.1263
R? 0.9988 0.9972
Freundlich
N 3.4818 3.0609
K, (mg/g) (L/mg)"" 2.9308 1.7557
R? 0.8849 0.9238

for the adsorption of Cr(VI) and Co(Il) ions, n values greater
than 3 indicates that the adsorption is favorable in the ES
powder [49].

The Cr(VI) and Co(II) ions adsorption capacities of some
previously reported biomaterials studied for these metal-
lic ions, including eggshell powder, are given in Table 4.
It is difficult to compare these obtained results because the
adsorption capacities seen to be affected by the combination
of multiple factors that correspond to the different physico-
chemical characteristics of both the solution and the solid
adsorbent studied [50-54].

3.5. Thermodynamics

Thermodynamic parameters such as change in free
energy AG® (kJ/mol), enthalpy AH® (kJ/mol) and entropy AS°
(kJ/K mol) were determined using the following equations:

AG®=-RT InK, ©)
C

K, =— 6

=C (6)

logK, =0 - A ?

" 2303R 2.303RT

where K is the equilibrium constant, C_ is the solid phase
concentration at equilibrium (mg/L), C, is the liquid phase
concentration at equilibrium (mg/L), T is the temperature
expressed in Kelvin, and R is the gas constant.

The enthalpy change (AH®), entropy change (AS°) and
free energy change (AG®°) values obtained are presented in
Table 5. The positive values of AH® show the endothermic
nature of adsorption process [55] and the enhancement of
adsorption capacity of the metal ions at higher tempera-
tures (Table 5), which can be explained by the nature of
the adsorbent and adsorbate. The increase of adsorption
with increased temperature indicates that the adsorption of
heavy metal ions by adsorbents may involve not only phys-
ical but also chemical adsorption; thus, an increase in active
sites occurs due to bond rupture [56], which can be also
attributed to the enlargement of pore size and activation of
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Table 4

Cr(VI) and Co(II) ions adsorption capacities (mg/g) of some previously reported biomaterials

Adsorbents Cr(VI) ion (mg/g) Co(II) ion (mg/g) Reference
Coconut coir 6.30 [50]
Barley straw ash 6.61 [51]
Activated coconut shell carbon 2.20 [52]
Activated bagasse carbon 0.19 [53]
Alginate—chitosan hybrid gel 3.20 [54]
Eggshell powder 0.68 2.28 This work
Table 5 Acknowledgments

Thermodynamic parameters for Cr(VI) and Co(II) ion adsorp-
tion on ES powder

Metallic Parameters

ions AH° (KJ/mol)  AS° (kKJ/molK)  AG® (kJ/mol)
Cr(VI) 6.18 3.64 x 1072 -4.49

Co(1l) 8.66 3.89 x 1072 -2.66

the adsorbent surface [57]. In addition, the values of AH®
are within the range of 1-93 kJ/mol for Cr(VI) and Co(II)
ions, indicating that physisorption is more favorable for
the adsorption of metal ions. These results were confirm-
ing with the low value of AH® = 6.18 and 8.66 k]J/mol for
Cr(VI) and Co(Il), respectively, which suggests that the
metallic ions were physisorbed onto the ES adsorbent. The
positive values of AS° exhibit the increased disorder and
randomness at the solid—solution interface of Cr(VI) and
Co(II) ions on the active sites of the ES powder. The neg-
ative values of AG® indicate that the adsorption of Cr(VI)
and Co(II) ions on the ES powder is highly feasible and
spontaneous [58].

4. Conclusion

Porous eggshell powder was successfully prepared and
the results indicated that ES material is a promising, new
low-cost adsorbent for the efficient removal of Cr(VI) and
Co(Il) ions from aqueous solutions. The results show a bet-
ter Co(Il) ions adsorption capacity by ES than Cr(VI) ions
present in aqueous solution. The kinetics results showed
that the Cr(VI) and Co(II) ion adsorption data of the ES pow-
der are well described by the pseudo-second order kinetic
model and that the processes are greatly influenced by the
initial pH imposed, with optimal pH values of 2 and 8, cor-
responding to the predominance of CrO?- and Co* chemical
species, respectively. The obtained results showed that the
adsorption equilibrium data of both studied metallic ions
in the ES powder were well adjusted to the Langmuir iso-
therm model-type monolayer. The thermodynamic studies
indicated that the metal ion adsorption onto ES powder was
spontaneous, endothermic and through physical reactions by
ion exchange. These findings demonstrate the important role
of ES powder as a readily available poultry waste biomaterial
and low-cost adsorbent capable of efficient removal of Cr(VI)
and Co(II) ions present in aqueous media.

The authors are grateful to the National Institute of
Nuclear Research, México, for the financial support through
Department project CB-802 and Conacyt project 254665.
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