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Application of erionite as an adsorbent for Cd**, Cu*, and Pb* ions in water
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ABSTRACT

Erionite was synthesized by the hydrothermal method using NaOH, KOH, tetramethylammonium
chloride, and silica sol. The synthesized erionite was characterized for materials crystal/amorphous
properties, surface morphology, functional groups, and surface area measurements. The synthesized
and characterized composite material was used for the scavenging of the Cd*, Cu*, and Pb* ions in
the aqueous medium. The scavenging behavior of erionite towards Cd*, Cu*, and Pb* ions was
evaluated in a batch adsorption process. The process variables, such as initial metal ions concentra-
tion (10~ to 10° mol/L), solution pH (2-10), and temperature (30°C-50°C) were varied within the
selected range to observe the effect of each variable. The best fitting of the adsorption isotherm data
in the isotherm (Langmuir and Freundlich isotherm) models were decided according to correlation
coefficient (R?), root mean square error (RMSE), and standard deviation (SD) values. According to
Langmuir, the highest uptakes for Cd*, Cu*, and Pb* metal ions at 50°C were 258.71, 265.41, and
275.73 mg/g, respectively. The maximum sorption of Cd*, Cu*, and Pb* on synthesized erionite was
achieved in the pH range 6.0-8.0. Sorption of metal ions was found to be enhanced with the rise of
adsorbent dosage. Sorption isotherm data were followed Freundlich model according to R?, RMSE,

and SD values.
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1. Introduction

The natural composition of inland and underground
aquifers water is contaminated above the bearable limits
with the trace metals through anthropological activities
and waste disposal of industrial discharge. The trace metal-
contaminated water causes a serious threat to the environ-
ment owing to its high toxicity. The consumption of Cd*
ions through water or food causes the respiratory disorder,
hypertension, and kidney and liver failure in humans [1].
The cadmium toxicity is also associated with itai—itai dis-
ease in humans [2], the phytotoxicity effect of Cd* ions
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has been recognized by the researchers and reported in the
literature [3]. The leakage of Pb* ion in potable water can
damage many organs and tissues in human beings such as
bones, kidneys, intestines, hearts, reproductive, and central
nervous [4]. The Cu* ingestion in the human body through
direct or indirect means can cause regurgitate, hematemesis
(spewing up blood), low blood pressure, jaundice, gastroin-
testinal distress, and even death [5,6]. Hence, scavenging of
Cd, Cu, and Pb from water and wastewater is essential for
ensuring better health in human beings.

The conventional practice for metals and heavy metal
ions scavenging from an aqueous medium includes
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oxidation, reduction, precipitation, ion exchange, and
adsorption methods. The trend changed in the recent
decade by using adsorption as a most powerful tool for scav-
enging of heavy metal ions from contaminated water. The
use of various abundantly available and economically via-
ble adsorbents sorbents such as hazelnut shell [7], cassava
waste [8], peat [9], and date stone activated carbon [10] have
been reported for the remediation of Cd, Cu, Zn, and other
heavy metal ions in contaminated water. In the recent past,
many researchers reported agricultural wastes with certain
modifications in it as an effective adsorbent against metal
ions. The rice husk was burnt, and its ash was used for the
scavenging of the Cd(II) and Zn(Il) from its binary solution
of wastewater [11]. The rice straw modified with compost
was used against the Cd(II) and Cu(II) in soil [12] and rice
straw without any modification was used as biosorbent for
the remediation of Cd(Il), Zn(Il), Cd(II) and Hg(II) from
industrial wastewater [13]. Sawdust and neem bark was also
used as an adsorbent for zinc(Il) and cadmium(II) removal
[14]. Dairy manure was converted to biochar for scavenging
of the Cu, Zn, and Cd ions [15]. Polymer nanocomposite was
synthesized by Badruddoza et al. [16] for the selective sepa-
ration of heavy metals from wastewater. Nontronite hybrid
surface was found effective against an aqueous solution of
divalent toxic metals ions [17]. Nano-crystalline calcium
hydroxyapatite was synthesized and applied against the
Ni(II) ion [18]; the adsorption capacity was reported to be
46.17 mg/g. In contemporary research, the zeolite and zeo-
lite composites are used as an adsorbent against metal ions.
The natural zeolite was used against heavy metals pres-
ent in acid mine drainage [19]. Shyaa et al. [20] prepared
a nano-composite from natural zeolite and polyaniline for
Cr(VI) ions removal from wastewater. The adsorption effi-
ciency of zeolite-like materials was encouraged for synthe-
sizing such adsorbents. In our previous studies, we have
used mica mineral clintonite [21] for the removal of heavy
metal ions and modified zeolite laumontite [22] for removal
of oxo-anions from wastewater.

Erionite is a synthetic zeolite like materials, having
surface area 350 m?/g, and suitable surface characteristics
for adsorption. These characteristics of high porosity and
surface area make it the best client for adsorption of metal
ions like Cd*, Cu*, and Pb* ions. Also upon the compari-
son of erionite with the previously used adsorbents in the
literature [23-30], its removal capacity has been found to
be quite high and this validates the idea of using it as a
new adsorbent. It further paves a way for other research-
ers to prepare new mica minerals to be used as adsorbents.
The experiment of this study will be focused on the effect
of contact time, the effect of pH, effect erionite dosage, and
initial concentrations of metal ions. The isotherm param-
eters were also calculated, for predicting the adsorption
behavior of the erionite against the selected metal ions.

2. Experimental
2.1 Reagents and chemicals

The following chemicals were procured from Sigma-
Aldrich (India) of analytical grade. (1) Anhydrous sodium
aluminate (50%-56% AlLO, 0.05% Fe,O, 40%-45%

Na,O), (2) silica sol, (3) sodium hydroxide 99.998%, (4)

tetramethylammonium chloride (TMA) CI 99%, (5) potas-
sium hydroxide 99.998%, (6) sodium acetate 99.6%, (7) potas-
sium chloride 99.8%, (8) cadmium nitrate, (9) lead nitrate,
and (10) copper nitrate. The de-mineralized (DM) water used
during the experiment was taken from Milli Q lab grade water
purifier. All these reagents were used for the purest quality.

2.2. Procedure for erionite synthesis

Erionite adsorbent was prepared in batch, for each
batch 6 g NaOH and 15 g KOH was mixed in 25 mL of
demineralized water. The 10 g of sodium aluminate was
added to the mixture of a solution of NaOH and KOH,
then set for heating and continuous stirring at a boiling
point till a clear solution was obtained. The clear solution
was put in a desiccator to cool down at room temperature,
the cooling solution was stirred vigorously, and a saturated
solution of 11 g of tetramethylammonium chloride (a site
directing agent) was added drop by drop while stirring the
solution. The silica sol solution was prepared in a separate
beaker by stirring 90 g silica sol and 115 mL demineralized
water for an hour. The silica solution was mixed with the
previously prepared complex mixture, after mixing it forms
a thick gel. The gel was kept in a polypropylene bottle for
2 h at room temperature; then bottles were transferred to
Teflon lined autoclave that kept on preheating at 172°C for
72 h. After autoclaving the materials, it transferred to cold
water for washing and centrifuged till pH <9 was achieved
[31]. The washed material dried at 110°C in a hot air oven
overnight. The obtained material was in agglomerated
form. Therefore, grounded into powder form then calcined
at temperature 540°C for 7 h to remove volatile organic
matters from it, and form a stable material.

2.3. Instrumental analysis of synthesized of erionite

The crystallinity and amorphocity of the erionite mate-
rial were tested through powder X-ray diffraction (XRD)
study. The erionite representative samples were sieved in an
ABNT n° 200 (0.074 mm) sieve before place in diffractometer
(Shimadzu XRD 6000, Japan). The powder X-ray diffraction
study was run with Cu Ka radiations at 40 KV/30 mA. The
scanning of 20 was selected in the range of 2°-70° with a
step of 0.02°. The only d-spacings of concern in the X-ray
diffractogram was the basal spacings along the c-axis.

The functional groups in the erionite samples were deter-
mined through the Fourier transformed infrared (FTIR)
analysis. The sample was grounded with KBr in the weight
ratio of 1:5 and was compressed into a translucent thin
film. The spectrum of the sample was collected through the
Shimadzu FTIR (Japan) in the wavelength range of 4,000—
400 cm™, with a scan rate of 4 cm™.

The surface textural properties of the erionite were
analyzed through the nitrogen adsorption—desorption
method (using Autosorb 2120 instrument). The surface
area was calculated through Brunauer—-Emmet-Teller (BET)
method, and pore size distribution was also measured.

Surface micrograph of erionite was obtained by JEOL
JSM 5800 (USA), scanning electron microscopy with energy
dispersive X-ray analysis (SEM-EDAX) instrument. Scanning
electron microgram of erionite was taken at 10,000
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magnification for the vivid representation of surface mor-
phology. The energy dispersive X-ray spectroscopy (EDS)
was carried out to identify the elemental composition of
the erionite surface. The erionite sample for EDS analysis
was prepared through a surface coating method to avoid
charge influence.

2.4. Sorption studies
2.4.1. Solution preparation

Low concentration solutions (200 mg/L) of Cd*, Cu?,
and Pb* were prepared in deionized water from their respec-
tive nitrates and filtered through a whatmann micro-filter
(0.45 um). Filtrates were acidified by adding 1 mL HNO,/L
solution. The filtrate acidity should be maintained between
the pH 1.7 and 2.0. The sample solution usually digested
before voltammetric determination of concentrations,
because the presence of organic matter often interferes
during analysis.

2.4.2. Sorption experiment

The sorption of trace metal ions by erionite was con-
ducted through a batch experiment mode. Batch sorption
was conducted by taking 100 mg of sorbent in 250 mL
conical flask having 25 mL of solutions containing metal
ions (Cd*, Cu*, and Pb*) of 200 mg/L concentrations at
constant temperatures (30°C). To observe the effect of
pH on the sorption the pH of the solution was controlled
with the help of 0.1 N HCI and 0.1 N NaOH solutions.
The conical flasks were shaken in a thermostat water bath
with orbital shaking system at agitation speed of 125 rpm.
After a stipulated time of shaking the sorbate and sorbent
solutions were separated. The concentration of Cd*, Cu®,
and Pb* ions in residual water samples before and after
adsorption were determined by means of anodic stripping
voltammetry (ASV) using 797 VA computrace ion analyzer.

The equilibrium adsorption amount, g, (mg/g), was
determined by:

(Ci—Cf)V

W @™

qu

where C, (mg/L) and C, (mg/L) represents the final and
initial concentration of metal ions, respectively. The erionite
adsorbent mass is denoted by W (g) and volume of solution
by V (L).

3. Result and discussion
3.1. Characterization of erionite

The crystallinity of the synthesized erionite was analyzed
through the powder X-ray diffractometer. The X-ray diffrac-
tion pattern of calcined erionite is published somewhere
else [32], the diffractogram pattern affirm that erionite is
crystalline. The significant sharp peaks in the diffractogram
patterns of erionite appear at 20 of 7°, 13.5°, 19°, 24°, and 29.5°
which closely resemble with all catalytic forms of erionite,
that already reported in the literature of erionite zeolite [32].

The surface functional groups of the erionite adsorbent
were identified through the FTIR spectroscopy using KBr
pallets method. The broad transmission peak at 3,470 cm™
was due to the O-H bonding, and the transmission peak
at wavenumber 450 cm™ was due to Si, Al-O bond [32].
The transmission peak at 1,000 and 750 cm™, were due to
asymmetric and symmetric stretches of bonds in the zeolite
molecules, respectively. The transmission peak at 1,480 cm™
may be due to M-OH, where M is balancing metal in the
zeolite framework. The (C=N) deformation of an organic
template (TMA) used during erionite synthesis was observed
at wavenumber 1,700 cm™.

The nitrogen adsorption-desorption curve was used to
calculate the surface area of erionite, the BET surface area
was found to be around 350 m?/g [32], which is very closure
to the characteristics of the zeolites. The BJH analysis was
used to calculate the pore size distribution in the erionite;
the pore diameter was found to be varied in the range of
6-10 nm. These pores belong to the mesopore range accord-
ing to International Union of Pure and Applied Chemistry
(IUPAC) definition; the porous materials can be categorized
into three types: micropore (diameter < 2 nm), mesopore
(2-50 nm), and macropore (>50 nm), the erionite prepared in
this study contains a higher percentage of mesopores.

The surface morphology of erionite was captured
through the FESEM images. It can be seen from the image
the erionite surface appears to have relatively non-uniform
distribution of molecules, lightly uneven pore morphology
with varying particle size [32]. It appears under the scanning
electron microscopy as chunks and sometimes as spheres
of 5-10 um.

The surface elemental composition of the erionite was
observed through the EDS peaks. The results showed peaks
for elements like Al, Ca, K, Na, O, and Si. The percentage
of elements showed that O is present with the highest
percentage, which is almost half of the total elements pres-
ent at the surface by weight. The percentage of the Si was
found higher than the Al atoms; this confirms the Si/Al ratio
was greater than 1, which was taken during the synthesis
of erionite. Moreover, the atomic ratio of the Si/Al is in
accordance with the molar ratio of the Si and Al solutions
taken during the synthesis.

3.2. Metal sorption studies

The post adsorption residual concentrations of Cd*,
Cu?*, and Pb* ions in the filtrate were determined using
ASV using 797 VA computrace ion analyzer. All the
voltammograms were recorded using the parameters
given in Table 1.

3.2.1. Effect of time

For the kinetic study of metal ions mass transfer from
solution to the solid surface of erionite, time was varied
between 4 and 24 h keeping rest of the parameters constant
(pH 7, temperature 30°C, and adsorbent dosage 100 mg).
The kinetic plots were shown in Fig. 1, represents the trace
metals (Cd, Cu, and Pb) ion sorption on synthesized eri-
onite adsorbent. The kinetics plots are shown vividly that
the sorption of selected metal ions has increased up to 8 h
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Table 1
Parameters of voltammograms

Parameters Variables chosen
Working electrode HMDE
Stirrer/RDE 2,000 rpm
Drop size 4
Measurement mode DP
Purging time 200 s
Pulse amplitude 0.05V
Deposition potential -0.05V
Deposition time 90s
Equilibration time 20s
Start potential -0.09V
End potential -01V
Voltage step 0.006 V
Sweep rate 0.015 V/s
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Fig. 1. Kinetics for sorption of metal ions onto erionite (pH 7,
temperature 30°C, agitation speed = 125 rpm, and sorbent
concentration 100 mg).

of contact time after that saturation appears and adsorp-
tion-desorption rate became equal. Hence, 8 h of contact
time was taken as equilibrium time in this study. The slow
and steady increase in sorption with contact time can be
attributed to the slow interaction of the erionite solid sur-
face and solvated metal ions concentrations. The concen-
tration difference between metal ions in the bulk solution
and solid-liquid interface of the erionite was served as a
driving force to carry the solvated metal ions from solu-
tion to erionite solid surface. It was observed that in the
first 6 h, the sorption rate was higher for all the three metal
ions, then slow down and reached equilibrium. The initial
higher rate of metal ions sorption attributed to the vacant
sorption sites as well as the concentration differences of the
metal ions at the erionite surface and in the bulk of solution
was large. Whereas, after 6 h of contact time, the sorption
rate decreased significantly due to slowing down of the

diffusion rate of cations into the interior channels of erion-
ite. The diffusion rate was guided by the surface coverage of
the metal ions, once the erionite surface was saturated with
the metal ions, the diffusion rate decreased. It can be seen
from Fig. 1, after 8 h of contact time, there was a negligible
or slight change in the sorption of metal ions. Therefore, 8 h
was established as equilibrium time for Cd*, Cu*, and Pb*
ions adsorption onto erionite, for further experiments in this
study this equilibrium time was used.

3.2.2. Effect of pH

The pHpZC is the pH where the adsorbent net surface
charge corresponds to zero, and it offers the possible mech-
anism about the electrostatic interaction between adsorbent
and adsorbate. For the point of zero charge (pH,,) deter-
mination the initial pH (pH,) of aqueous solutions (100 mL)
were adjusted to a pH range of 2-12 using 0.1/1.0 M HCl or
NaOH. Then, 0.1 g of erionite was added to each adjusted
solution. The dispersions were shaken for 48 h at 30°C, and
the final pH of the solutions (pr) was determined. The point
of zero charge (pszc) is the point where the curve pH, vs. pH,
intersects the line pH, = pH, and from this the Pszc value of
6.1 was obtained for erionite. The sorption of metal ions as a
function of pH was studied at temperature 30°C and adsor-
bent dosage 150 mg/L. In the selected range of pH (from
2-10) for this study, it was observed that for Cd* and Cu*
adsorption on to the erionite was increased till pH 8.0 then
decreased. Whereas, for Pb* ions, the maximum adsorption
achieved at pH 6.0 (as shown in Fig. 2). Because of pH__
value of 6.1 for erionite, the maximum sorption of Cd*, Cu .
and Pb* ions on synthesized erionite is found at pH 6.0-8.0
as a consequence of the increase in electrostatic interactions
between the metal cations and erionite due to deprotonation
of surface active sites. The decrease in adsorption at higher
pH may be explained due to the formation of bulky hydrox-
ide complexes at higher pH. At low pH (pH 2), the sorp-
tion was very low because it is known that acids affect the
structure of mica minerals. In mica mineral frameworks, the
Si—O-Al bonds are weaker than Si—-O-Si bonds, hence it can
easily be attacked by H* ions affecting their structure. The
extent of damage in the structure of mica minerals depends
on the strength of the acids. The geometrical arrangement of
the atoms in zeolites and clays, particularly with small Si/Al
ratios, may collapse in the presence of acids with pH lower
than 5. The intensity of the pH effect is more pronounced
on the structure of the zeolites and clays at pH < 3.0. The
decrease in the sorption percent in high acidic solution (low
pH) can be attributed to the collapse of the structural net-
work of the adsorbents. The surface of the erionite would
be closely associated with hydronium ions (H,O") in high
acidic solutions (low pH) that hindered the access of metal
ions to the adsorbent (erionite) surface; this may be another
possible reason for the decrease in the sorption capac-
ity of erionite in high acidic solution. Similar charges in
adsorbate (metals ions) and adsorbent surface (due to the
presence of H,O" ions) was causing electrostatic repulsion.
Consequently, the sorption was found to be decreased. With
the rise of pH of the solution, negative charged (OH") ions
increased, and positively charged ions decreased at the sur-
face of erionite, which results in an attractive force between
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pH

Fig. 2. Effect of pH on the sorption of metal ions onto erion-
ite (temperature 30°C, agitation speed = 125 rpm, and sorbent
concentration 100 mg).

the metal ions and the surface of the erionite. Hence, the
adsorption capacity of the erionite was found to be increased
at higher pH.

3.2.3. Effect of erionite dosage and initial metal ions
concentrations

The change in the erionite dosage (g/L) for fixed initial
concentrations of the metal ions was helped in observing
the effect of adsorbent dosage. The sorption of metal ions
was observed to be enhanced with an increase in sorbent
dosage; it was due to an increase of sorption sites with
the rise of sorbent dosage. In other sets of experiments,
the metal ion concentration was varied, and its effect was
observed on a fixed dosage of the sorbent. The experimental
results showed that the sorption percentage of metal ions
decreased with an increase in metal ion concentration (10
to 10° mol/L). It can be explained in terms of available sorp-
tion sites are limited in the solution for higher metal ions
concentrations.

3.2.4. Adsorption isotherms

The sorption isotherm will help in understanding the
sorbent—sorbate relationship, and molecular distributions
of the sorbate molecules at the surface of the sorbent at
equilibrium. The isotherm will also predict the maximum
sorption capacity of the sorbent under given conditions.
The maximum sorption capacity of the sorbent can be
predicted by applying the isotherm data to various estab-
lished isotherm models such as Langmuir (for monolayer
sorption) and Freundlich (for multilayer sorption) models.
In this study, Langmuir and Freundlich isotherms were
modeled to simulate the obtained data of metal ion (Cd?,
Cu?*, and Pb*) sorption onto erionite. Langmuir model [33]
assumes the sorbent surface as homogeneous having iden-
tical surface sites with almost equal energy. Its nonlinear
form can be expressed as:

K.C

q, = AN )
1+K,C,

the linearized form of Langmuir isotherm can be
expressed as:

& = g + L 3)
9. 4. K,

where K, (L/mg) is constant of sorption associated with free
energy, q, (mg/g) denotes the maximum sorption capaci-
ties, and C, (mg/L) represents the equilibrium concentra-
tions of metal ions. Applicability of Freundlich isotherm [34]
describes the multilayer sorption process. This isotherm was
developed by presuming the heterogeneous sorbent surface
with nonuniform surface energy distribution. The nonlinear
form of Freundlich isotherm can be expressed as:

1
0.=K.C @

The linearized form of Freundlich isotherm can be
expressed as:

Ing, =InK, +llnCE %)
n

where 1 and K, (mg/g) (L/mg)"" are Freundlich parameters
for the sorption intensity and sorption capacity, respectively.
The isotherm data at 30°C, 40°C, and 50°C was applied to the
non-linear form of isotherm models represented in Egs. (2)
and (4) for the sorption of metal ions onto erionite (Fig. 3).
Root mean square errors (RMSE) in the isotherm model was
calculated to evaluate the error in the model parameters.
The following equation was used for the RMSE calculation:

RMSE — /Zl(q—qn,) ©)
p

where g is experimental sorption capacity, g, is model pre-
dictions sorption capacity, and p denotes the number of
data points.

Standard deviation (SD) in the data were calculated to
determine the validity of models by the following expression:

S.D.= M 7)
n-1

where g, and q represent the calculated and experimental
sorption capacities, and # is the total number of data points.
The Freundlich and Langmuir parameters such as K, 1/, K,
and g,, were determined by the linear plots using intercepts
and slopes of the best fit straight line. The RMSE, SD, and
correlation coefficients (R?) were determined for selected
metal ions (Cd, Cu, and Pb) adsorption onto erionite, to val-
idate the isotherm models (as shown in Table 2). The lower
values of RMSE (<0.05) and SD (<0.05) and higher values
of R* (>0.97) will favor the applicability of the isotherm
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Fig. 3. Langmuir and Freundlich adsorption isotherms for
adsorption of Cd*, Cu*, and Pb* on erionite at different
temperatures.

model. From Table 2, it can be seen that Freundlich isotherm
favored by these statistical tests.

With the rise of solution temperatureq,__ rises from 134.47
to 258.71 mg/g for Cd*, 123.17 to 265.41 mg/g for Cu*, and
141.41 to 275.73 mg/g for Pb*. Therefore, it can be inferred
from the results that sorption of Cd*, Cu*, and Pb* ions onto
erionite was multilayered and support physisorption mech-
anism (as it followed Freundlich isotherm) [35]. Shen et al.
[36] reported Cd*, Cu*, and Pb* removal through Fe O.@
microalgae composite, the order of the adsorption capacity
following order: Pb* (62.63 mg/g) > Cd* (42.12 mg/g) > Cu*
(38.68 mg/g). Chen et al. [37] also investigated divalent metal
ions removal through MnFe,O,@CAC hybrid adsorbent, the
order of removal was observed in the following order: Cu®
(608.46 mg/g) > Pb> (471.45 mg/g) > Cd** (354.43 mg/g). The
adsorption capacity of erionite for Cd*, Cu*, and Pb* ions
was found quite high on comparing with other adsorbents
from literature as shown in Table 3.

The adsorption of all the three metal ions Cd*, Cu?*, and
Pb* is favorable at high temperature thus confirming that
adsorption process is endothermic. Such a situation is bet-
ter explained by thermodynamic adsorption parameters like
enthalpy change (AH®), entropy change (AS°) and Gibb’s free
energy change (AG°) which are easily determined by change
in equilibrium constant K with temperature. Value of K is
obtained as:

K=—t 8)

where C, is quantity of metal ion adsorbed per unit mass of
erionite and C, is the aqueous phase concentration of metal
ion. From slope and intercept the of Van't Hoff plot thermo-
dynamic parameters like enthalpy change (AH®) and entropy
change (AS°) were determined. In Vant Hoff plot InK is
plotted against 1/T using following equation:

_AS° AH®
R RT

InK )

Gibb’s free energy change (AG°®) was calculated by using
following equation:

AG® = —RTInK (10)

Thermodynamic parameter for metal ion adsorption
on erionite is given in Table. 4. Gibb’s free energy (AG®)
values of Cd*, Cu*, and Pb* were found to be negative
which show spontaneity and feasibility of adsorption for
all the three metal ions on erionite. Further the enthalpy
change (AH°) of Cd*, Cu?*, and Pb* was found to be
positive thus confirming adsorption to be endothermic.

4. Conclusion

Nanocrystalline erionite was synthesized with an aim
to apply it as an adsorbent against aqueous metal ion pol-
lutants. The synthesized erionite was characterized by var-
ious sophisticated techniques to understand its surface
properties before using it as sorbent against selected metal
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Table 2
Isotherm models parameters for metal ions adsorption onto erionite

Metal Temperature Langmuir isotherm model Freundlich isotherm model
fon ) q K, R RMSE  SD K, (mgg) 1n R RMSE  SD
(mg/g)  (L/mg) (L/mg)*™

Cu* 30 123.17 0.04 0.94 0.08 0.16 36.15 0.26 0.98 0.04 0.04
40 179.06 0.04 0.94 0.04 0.09 33.28 0.34 0.99 0.02 0.03
50 265.41 0.05 0.93 0.02 0.05 39.93 0.36 0.98 0.03 0.04

Cda» 30 134.47 0.03 0.95 0.04 0.10 26.75 0.18 0.99 0.02 0.03
40 196.9 0.04 0.96 0.04 0.11 22.21 0.16 0.99 0.03 0.03
50 258.71 0.04 0.94 0.08 0.16 35.11 022 098 0.03 0.04

Pb* 30 141.41 0.05 0.95 0.04 0.09 42.23 0.28 0.97 0.05 0.05
40 193.61 0.04 0.97 0.03 0.07 56.52 0.35 0.99 0.02 0.03
50 275.73 0.05 0.95 0.04 0.09 61.32 0.39 0.99 0.03 0.03

Table 3

Comparison of adsorption capacity of erionite for Cu*> Cd*, and Pb* ions

Adsorbents q, (mg/g) References
Cu2+ Cd2+ Pb2+
Erionite 265.41 258.71 27573 This work

Fe,0,/LDH-AM

64.66 7406 266.6 [23]

Carboxylated cellulose nanofibrils-filled magnetic chitosan hydrogel beads 171.0  [24]

Magnetic hydrogel beads based on poly(vinyl alcohol)/carboxymethyl starch-g-poly(vinyl 83.60 53.20 65.00 [25]

imidazole)

Hydrous zirconium oxide-impregnated chitosan beads 2222 [26]

Chitosan/rectorite nano-hybrid composite microspheres 2049  16.53 [27]

Phosphate-embedded calcium alginate beads 82.64 2632 [28]

Porous attapulgite/polymer beads 2530  32.70 [29]

Oiltea shell 7.42 18.02 4.17 [30]
Table 4

Thermodynamics parameter of Cu*, Cd*, and Pb* adsorption on er

ionite

Metalion  Temperature Equilibrium constant (K, ) Free energy (AG®) Enthalpy (AH®) Entropy (AS°)
Units °oC Dimensionless kJ/mol kJ/mol kJ/K/mol
Cu* 30 1.885 x 10° —22.5891
40 2.572 x 10 —24.9365 63.0537 0.24191
50 3.894 x 10° —-29.4109
Cd* 30 1.935 x 10° —23.9324
40 2.680 x 10° —25.7890 68.4259 0.26032
50 3.791 x 10° —28.7826
Pb* 30 2.013 x 10° —24.0807
40 2.981 x 10° —27.5674 71.7905 0.28561
50 4.506 x 10° —29.7650

ions (Cd, Cu, and Pb). The sorption of the metal ions onto
erionite was found to be increasing with an increase in con-
tact time before the equilibrium achieved. The sorption of
the metal ions onto erionite was found to be pH-dependent;
it was raised with the rise in pH up to optimum pH then

either remain unchanged or decreased with further rise. The
maximum sorption of Cd*, Cu*, and Pb* ions on synthesized
erionite was found at pH between 6.0 and 8.0. Experimental
data was found to fit well in both Langmuir and Freundlich
isotherms, but Freundlich model was best according to R?,
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RMSE, and SD values. According to Langmuir, the high-
est uptakes for Cd*, Cu®, and Pb* metal ions at 50°C were
258.71, 265.41, and 275.73 mg/g, respectively. Upon compar-
ison of erionite with the previously used adsorbents in the
literature, its removal capacity has been found to be quite
high. These studies will pave a way for other researchers
to prepare new mica minerals to be used as adsorbents.
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