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Natural hydrated sodium calcium alumino silicate (mesolite) is an important and widespread
industrial material of unique chemical structure. This study reports batch adsorption analysis of
divalent nickel Ni(II) on mesolite. Removal efficiency of the mesolite was influenced by pH, initial
Ni(Il) concentration and adsorbent dose. The adsorption of Ni (II) by the mesolite was the highest
at pH 7 and using a dosage of 0.05 g. The optimized concentration was 100 ppm. The order of the
Ni(I) adsorption and adsorption isotherms were determined by varying parameters such as pH,
initial concentration and contact time. Langmuir, Freundlich, Temkin models were applied to
adsorption equilibrium data to find the best model. Langmuir model with R? = 0.99is the best fit for
the adsorption data. The kinetics of adsorption followed pseudo first order reversible reaction as well
as Intra particle diffusion method. The separation parameter, RL value was less than 1 which
indicates that adsorption of Ni(Il) on mesolite is favored. Mesolite was characterized by Fourier
transform infrared analysis. Scanning electron microscopy and Transmission electron microscopy
were used to analyze before and after adsorption. These results show that natural mesolite hold great
potential to remove Ni(Il) from industrial wastewater.

Copyright © Vidhya Lakshmanaperumal and Dhandapani Munusamy, 2019, this is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in

any medium, provided the original work is properly cited.

INTRODUCTION

Heavy metal contamination in the aquatic system is a big threat
to the environment and it prevents the beneficial use of the
surface water and groundwater bodies. Nickel is one of the
heavy metal - micro nutrients needed in the body, but when
taken in high dosages, it can cause serious health problems like
birth defects, embolism, and chronic bronchitis. So it is
necessary to remove the excess nickel ions by any efficient
technology. The conventional technologies comprise of
precipitation, electrolysis, biodegradation, adsorption, chemical
coagulation and photo catalysis, ion exchange, reverse osmosis
and filtration (Gonenand Onalan., 2016). These methods have
numerous disadvantages such as being costly, generating
secondary pollutants like sludge, and ineffective intreating
effluents with low metal concentrations. The use of several
natural products like chitosan, zeolite, banana pith, rice husk,
and peat has proved to be an effective way due to non-toxicity,
eco-friendly nature and availability of these adsorbents
(Cybelle et al., 2011). Mesolite, a hydrated alumino silicate

*Corresponding author: Vidhya Lakshmanaperumal

mineral contains alkali and alkaline-earth materials. Its unique
porous nature makes it useful in adsorption, catalysis, ion
exchange, petrochemical cracking and removal of gas and
solvents. Mesolite is also found to be efficient in the adsorption
of heavy metals from the waste water. Hence, the consumption
of mesolite, a member of zeolites group, in a variety of fields
has grown progressively (Lata et al., 2015). Mesolite has a
three-dimensional crystalline structure which is rigid, consists
of a network of interconnected tunnels and cages. Mesolite
have  the  general chemical formula of (M,
M?90.A1,05.x8i0,.yH,0,where M is usually Na" or K ion
and M*" is Mg*" or Ca*" or Fe*" ion; x and y are the total
number of tetrahedrons per unit cell (Erdem et al., 2004). The
heavy metal cations like lead, copper, cadmium and chromium
can go into the structure of mesolite when they come into
contact. Mesolite minerals have high cation-exchange capacity,
high specific surface areas and rigid framework. Themicro
pores, large volumeand high thermo stability of mesoliteare
useful in purification of water and soil remediation (Franus and
Wdowin 2010, Huang et al., 2014). Therefore, this study

Department of General Surgery, Krishna Institute of Medical Sciences, Karad



Vidhya LaRshmanaperumal and Dhandapani Munusamy., Assessment of Adsorption Efficiency of Ni(11) IONS From Aqueous Solution By Mesoporous Alumino Silicate Synthesized

From Natural Hydrated Sodium Calcium Alumino Silicate

reports the optimization studies on the efficiency of mesolite
adsorbent in removal of Ni(II) ion with different Ni(II)
concentration, pH, contact time, and dosage of the adsorbent.

MATERIALS AND METHODS

The mesolite used in the batch experiments was procured from
Virbac SA. After washing with deionized water, it was dried at
105° C for 2 hours. Mesolite was used in the powdered formfor
all the experiments. A stock solution of Ni (IT) (1000 mg L™)
was prepared by dissolving 4.478 g NiSO,4.6H,0 in deionized
water.

Characterization of mesolite

Evaluation of the surface charge of the mesolite with respect to
pH, zeta potential tests was carried out by using the nano
particle analyzer (Horiba Scientific, Japan). About 0.5 g of
mesolite was suspended in 20 ml aliquots of buffer solutions
with pH of 4, 5,6,7,8 and 9 and was allowed to settle for about
30 min (Vidhya et al., 2016). The samples were then fed into
the analyzer. The analysis was repeated in triplicate. The
mobility, zeta potential and conductance data were obtained
from the result. The Fourier- Transform infrared spectra of the
mesolite before and after adsorption of 100 mg L™'Ni(II) at pH
7 were recorded using a Shimadzu, Model 8400S FT-IR
spectrometer in the range 4000-400 ecm’. FT-IR spectral data
were used to probe the changes in vibrational frequencies of the
functional groups present in the mesolite due to Ni(Il)
adsorption (Rohama et al., 2014). The morphological surface
of the adsorbent was observed by a Quanta FEI 250 scanning
electron microscope. The logarithmic phase cells both
interacted and non-interacted were analyzed microscopically. A
small amount of mesolite powder was taken in a 10 mm metal
stub using carbon tape (Shah and Tokeer Ahamed, 2013). The
samples were taken and made to sputter coated with gold in
argon atmosphere under vacuum. The elemental analysis of
both Ni(II) interacted and non-interacted mesolite was carried
out by Energy Dispersive X-ray spectroscopy (EDAX). The
sputtered gold samples were analyzed and the spectra were
recorded using Quanta FEI 250 equipment. Transmission
Electron Microscopic (TEM) image of mesolite adsorbent was
recorded in a Hitachi Make: H-7650 model TEM instrument.
The images were obtained in imaging mode using HV=80 KV
and at magnification 3x105.

Batch adsorption studies

Batch adsorption studies were conducted by adding 0.05g of
mesolite in different 100 ml Erlenmeyer flasks containing 50
ml of different concentrations (50-250 mg L") of nickel
solution. The flask containing the solution mixture was well
shaken at 100 rpm for 120 min by an orbital shaker at 25°C.The
effect of contact time on batch experiments was examined by
varying the contact time of suspensions from 0 to 120 min.
Then the concentrations of unadsorbed Ni(Il) were determined
by colorimetric method with 0.5% dimethyl glyoximereagent in
a colorimeter (Hach Make: DR/2400 model) at 470 nm.
Experimental variables taken into consideration were (i) the
effect of pH (2 to 8) on the adsorption capacities, (ii) dosage of
mesolite (0.05 to 0.25 g), (iii) and initial nickel concentration
(50 to 250 mg L™).

Adsorption capacity

The adsorption capacity was calculated at equilibrium (qe)
(Dajana et al., 2014). The removal percentage (R %) of
divalent nickel was calculated for each turn as follows.

R(%) = 2=% 4100 1
where C, and Ccepresent the initial and equilibrium
concentrations of nickel ion in aqueous solution. The
adsorption capacity for each concentration of nickel ((II) at
equilibrium was determined by the following expression

(Cheraghi et al., 2015; Raziyeh Zandipak and Soheil
Sobhanardakani et al., 2016).

. . _ (mg) _ Co—Ce _
Adsorption capacity = qe @ - mw 2

where V is the volume of solution in litre and m is the mass of
the adsorbent used in grams.

Optimization of adsorption of Ni(Il) over mesolite

The effect of Ni (II) concentration, mesolite dosage, pH and
contact time were analyzed to optimize the best adsorption
condition. The adsorption of nickel ions onto coirpith biochar
was studied by varying the adsorbent quantity (0.01,
0.02,0.03,0.04, 0.05g) in the test solution while keeping the
initial nickel ion concentration (100 mg L), temperature (25 +
1°C) and pH(7) constant at all different time intervals. In the
next set of experiments, the adsorbent dosage was fixed as 0.05
g and metal concentration100 mgL™', pH was varied from 2 to
8. The solution pH was adjusted using 0.5molL"HCI or
0.5molL" NaOH. By keeping the adsorbent dosage as 0.05g
and pH 7, concentration of metal ions (50 to 250 mg L") was
varied. In every trial, after adsorption, the sorbate was decanted
and separated from the sorbent by centrifugation and the
supernatant liquid was analyzed for the residual metal
concentration. The residual carbon is further used for
subsequent studies. Batch experiments were performed in
triplicate and average values are presented. The concentrations
of the samples were determined by using a calibration graph.

Adsorption Isotherms

The interaction of sorbate molecules with the sorbent can be
explained by adsorption isotherms. The Langmuir, Freundlich
and Temkin isotherms were used to find a reasonable model to
suit the adsorption equilibrium data at 27 + 1°C.The isotherms
help to study the mode of interaction of Ni(Il)ions with
mesolite when they are in equilibrium. Langmuir (equation 1)
Freundlich (equation 2) Temkin (equation 3) isotherms were
plotted by using standard straight-line equations.

Ce Ce 1

= +
q e Qmax b * Qmax

where, qe (mgg™) is the equilibrium adsorption capacity and Ce
(mgL™") is the concentration of Ni(Il) ions at equilibrium.
Quax(mg g') is the maximum capacity of the metal ion
monolayer and b (L mg™") refers the adsorption equilibrium
constant. Q,x and b can be determined from a linear plot
(Seliem and Komarneni 2016; Langmuir 1918).

— -3

1
1ogqe=logKf+(7)logCe - —4
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where, Kfis the Freundlich constant correlated to the sorption
capacity (mg g'l) ,Ce (mgL'l) is the concentration of Ni(II) ions
at equilibrium , ge (mgg') is the equilibrium adsorption
capacity and n is the heterogeneity factor. K and n can be
determined from a linear plot of log qe against log Ce
(Nurzulaifa Shaheera Erne et a/ 2016; Freundlich 1906).

qge = BInK; + BlnCe -=5

Where C. is the equilibrium concentration of a metal in
solution (mg L™), g.is the amount of Ni(II ) ions adsorbed onto
the mesolite (mg g). Bis the Tempkin constant that relates to
the heat of sorption. Mathematically, B= RT/b; (J mol™)
where R isthe gas constant (8.314 J mol'K™), bris the Temkin
isotherm constant and 7 is the absolute temperature (K). B and
K (L g'l) which is the equilibrium potential corresponding to
maximum binding energy can be determined from the linear
plot (Tempkin and Pyzhev 1940).

Kinetics study

The experiments were conducted at equilibrium conditions for
kinetic modeling. At certain preset time intervals, the aqueous
samples were analyzed to determine the concentrations of
Ni(IT) ions by spectrophotometer. The two kinetic models,
namely, pseudo-first order (Lagergren kinetic model) and
pseudo-second order model (Ho kinetic model) were used in
this study to analyze metal uptake during adsorption.

The first order rate constant for adsorption of Ni(Il) has been
studied with the help of Lagergran’s equation (Lagergren
1898).

kit

log(qe —q) = logqe — —— -6

2.303

whereqe = the amount of metal adsorbed at equilibrium (mg g
", q = amount of metal adsorbed at time t (mgg-1), k; = first
order rate constant of adsorption (per minute) and t = time
(minute).

Pseudo-second order rate equation (Ho and McKay 1999):

t 1 1

— = +—t -7
ar kaqe?  qe

where, k, = second order rate constant for adsorption (g mg’’
min™), q. is the amount of Ni(Il)ions adsorbed at equilibrium
(mg g") and q,=amount of Ni(II) ions adsorbed in time t (min”
". In order to obtain the rate constant, a graph was plotted
betweent/q.vs t (Asha et al., 2011, Chinenye et al., 2016).

Intraparticle diffusion method

Intraparticle diffusion involves the movement of species from
the liquid phase to the solid phase. The batch studies confirm
the adsorption process taking place on the permeable mesolite.

qe = kigt"/? + G -8

where, kiq (mgg'(min)”) represents intraparticle diffusion rate
constant, t denotes contact time (min) and C; is intraparticle
diffusion constant i.e. intercept of the line (mgg™). It is directly
proportionalto the boundary layer thickness. The rate constant
was calculated by plotting a graph between the amount of
adsorbate, qt (mgg-1) and the square root of the time (qtvs t”)
gives the rate constant (slope of the plot) (Weber and Morris
1963, Ttodo et al., 2010).

RESULTS AND DISCUSSION

Characterization of mesolite

Natural mesolite contains a complement of exchangeable
sodium, potassium, and calcium ions in an organic matrix
(Erdem et al., 2004). The characteristics of the mesolite sample
(Table 1) are given as follows. The present study demonstrates
to assess the potential of mesolitein removing Ni (II) ions from
aqueous solution. The pH value (9.0), electrical conductivity
(2.01dSm™) and the water holding capacity (56.35) indicate the
good adsorptive capacity of the mesolite. The particle size ratio
of mesolite is found to be 1.00 and the results of important
characteristics of the mesolite have been discussed in our
previous study (Vidhya et al., 2016).

Table 1 Characteristics of Mesolite

Characteristics of Biochar Values
pH 9.3

EC (ds/m) 2.01
Water holding capacity (%) 56.35
Zeta potential (mV) -5.6
Particle size

(SP Area ratio) 1.00
Mean (nm) 378
Standard Deviation (nm) 31.5
Mode (nm) 376

The scanning electron micrograph of the mesolite is depicted in
the Fig 1a. The mesolite has several mesopores over the surface
and uniform morphology, which has a crucial role in many
liquid-solid adsorption processes (Deveci and Kar, 2013,
Ahmed et al., 2015). The porous nature of the mesolite was
not altered after Ni adsorption process (Fig. 1b) suggesting that
it can be used as an adsorbent in liquid-solid adsorption
process.
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Fig. 1b

Fig 1 a) Chain structure of mesolite b) Tetrahedral arrangement in individual
mesolite moiety.
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Fig 2b
Fig 2 Scanning electron micrographs of mesolite before and after Ni(1I)
adsorption. The mesolite has several mesopores over the surface. a) Before
Ni(I) adsorption, b) After Ni(I) adsorption.

The energy dispersive spectra of mesolite before and after Ni
adsorption are depicted in Fig. 2a and b. The spectra showed
the presence of carbon and potassium in both test and control
samples. However, the Ni peak (0.4keV) was observed only in
test sample, which confirms that mesolite had adsorbed Ni ions
from aqueous solution. Transmission Electron Microscopic
(TEM) image of mesolite is given in Fig.3. The images showed
that the particle size of the mesolite was 1um.
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Fig. 3b

Fig 3 SEM-EDS spectra of mesolite before and after Ni(II) adsorption. a) Before
Ni(II) adsorption, b) After Ni(I) adsorption.

The SEM and TEM images show that the surface of mesolite
had uneven small size particles which revealed a high surface
area and porous nature as shown in Fig 2a, 2b and Fig. 4a, 4b.
Large surface area of any adsorbent helped to get maximum
adsorption (Osikoya et al., 2014). FTIR spectral analysis was
carried out to find out the changes in the vibrational
frequencies of the functional groups of mesolite before and
after adsorption of Ni ions, and the results are shown in Fig. 5.
In general, the broad band at 3350 to 3700 cm 'is credited to
Si-OH, Si-OH-Al and-OH hydroxyl groups (Ahamed et al.,
2015). The broadness of the band indicates inter- and intra-
molecular hydrogen bonding in the mesolite (Shin et al., 2012).
This band also indicates the presence of molecularwater
coordinated to the edges of the mesolite channels (Moneimand
Ahmed., 2015). The peak was observed both in the free
mesoliteas well as the nickel adsorbed mesolite. The frequency
at 1874 cm™ indicates the C=O stretching vibration. The bands
at 1604 and 1612 cm'in free and Ni adsorbed spectra are
assigned to the characteristic bending vibration of the water
molecules attached to frame work (Tabassum ef al., 2016). The
most predominant band occurs at 694 cm™ assigned tentatively
to the symmetrical stretching mode of alkyl halide group (Oana
et al., 2015). Furthermore, the absorption bands at 416 and 462
cmare assigned to the internal link age vibrations of TO,
(T=Si or Al) tetrahedral (Moneim and Ahmed, 2015).
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I%‘

Fig 4b

Fig. 4 Transmission electron micrographs of mesolite before and after Ni(II)
adsorption.a) Before Ni(1I) adsorption, b) After Ni(I) adsorption.
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Optimization of initial concentration of Ni (1I)

Batch adsorption studies were conducted for the adsorption of
Ni(IT) onto mesoli teat different initial metal concentrations
ranging from 50 t0250 mg L™ using 0.05g of mesolite at pH7
(Bennett et al., 2013). The results indicated that the percentage
of Ni(II) removal was decreased with the increase in initial
metal ion concentration (Fig.6a). Due to the limited number of
active sites present in the adsorbent, it was saturated at
particular concentration (Adhena et al., 2014). The maximum
percentage of Ni (II) removal observed for mesolite was
99.87%. The initial concentration acts as a driving force to
overcome the mass transfer resistance between the solid and
liquid phase. Similar occurrence was studied in the adsorption
of Ni(Il) over marine algae Gracilaria andits activated carbon
(Esmaeili ef al., 2011; Vidhya et al., 2018). The time required
to reach the state of equilibrium was equilibrium time, and it

exemplifies the maximum adsorption capacity of the adsorbent.
It is obvious from results that the contact time needed to reach
the equilibrium condition for Ni(II) was120 min. The results
were in alignment with the previous study by Saradhi et al
(2010) on the biosorption of chromium using sea urchin.

Effect of adsorbent dosage

In order to investigate the effect of adsorbent dose, various
amounts of the adsorbent ranging from 0.01g to 0.05g with 100
mg L'Ni(II) concentration, pH 7 with 120 minequilibration time
were used . Increase in adsorption with adsorbent dose (0.01-0.05 g)
can be attributed to increased adsorbent surface area and availability
of more adsorption sites (Fig.6b) (Dehghani et al., 2016). The same
trend was observed inthe removal of Cr(VI) using B. subtilis,
Pseudomonas aeruginosa, and Enterobacter cloacae (Sethuraman and
Balasubramanian, 2010). It was obvious from the Fig.6b that the
removal capacity of Ni(Il) is more than 90% in all the dosages. The
results are consistent with previous study reporting increased
copper adsorption onto natural zeolite (Zendelska et al., 2016).
The high adsorption was mostly due to the accessibility of
more dynamic sites and adsorptive surface area present in the
mesolite. From the experiments 0.05 g of the adsorbent dosage
was found to be the optimized dosage.
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Fig 6 a) Effect of initial concentration on adsorption of Ni(II) onto mesolite. The Ni(II)
removal was decreased according to the increasing initial concentration. b) Influence of
mesolitedosage on adsorption of Ni(Il). A minor increase in adsorption efficiency was
observed with increase in adsorbent dose. ¢) Effect of pH on adsorption of Ni(II) onto
mesolite. The maximum adsorption (99.6%) was observed at pH 7.
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Effect of pH

It is well known that the pH is a vital parameter impacting the
adsorption process. It can control metal speciation, mesolite
reliability and competence of H' ions in ion exchange. The pH
of the solution affects the level of adsorption because the
distribution of surface charge of the adsorbent can alter thus
varying the amount of adsorption (Ibrahimi and Sayyadi.,
2015). Exactly 0.05 g of the mesolite was mixed with 25 mL of
Ni(II) solutions (100 mg L) at different pH values (3-8), and
the results are depicted in Fig. 6c. It is noticed from Fig. 6c,
that sorption of nickel was more than 88% at all pH ranges (3-
8). The maximum adsorption of 99.7% was observed at pH 7
(Katsou et al. 2010). The results of the present study reveals
that the adsorption capacity of Ni(Il) increased with the
increasing pH which corroborates with the study of Zhang et a/
observation of removal of heavy metal ions using chitosan and
modified chitosan.

Adsorption isotherms

The interaction between Ni(II) ions and mesolite was tested by
Langmuir, Freundlich and Temkin models The Langmuir
isotherm is suitable for monolayer adsorption onto a surface
containing a fixed number of the same binding sites. The
maximum adsorption occurs when the adsorbent surface is
covered by a single molecular layer of soluble material. The
adsorption energy is permanent and identical at all the points.
The molecules or ions of adsorbed material cannot move in the
adsorbent surface (Shidvash et al., 2014). The Langmuir
isotherms illustrate the RL values indicating whether the
isotherm is favorable or not. The RL wvalues should be
positioned between 0 and 1.The equation to calculate RL is
given as follows.

B 1
T (1+bCy)

The RL values in the present study are found to be between
0.001 and 0.007 which indicate the isotherm is a favorable one.
Langmuir constant (Q,,,,) and Langmuir separation factor (R;)
were used to compare the results and they reflect the adsorption
capacity of the adsorbent. Mao et al. (2010) reported that the
adsorbent with high Q... and RL wvalues is usually
advantageous for the wastewater treatment process. The report
suggests that the mesolite has higher Q. and the R; values as
compared to the other adsorbents. The Langmuir isotherm
model (Fig. 7) fits very well with experimental data (Visa and
Popa, 2015; Vidhya et al., 2017).

Ry

0.035
0.03 .
0.025
=
= 0.02
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Fig 7 Langmuir Isotherm plot for Ni(II) adsorption onto mesolite.
Freundlich isotherm describes the significance of the factor 1/n
which implies the favorability of adsorption. The value of n
should either be >1 representing favorable adsorption condition
(or) 1/n lying in the range of 1 to 10 confirms the favorable
condition for adsorption. High Kf values indicate the high
adsorption rate of metal ion due to high compatibility of
mesolite towards Ni(II) ions, while low Kf values indicate low
adsorption rate of metal ion (Arivoli et al., 2012). Table 2
shows that despite the fact that the values of 1/n were good for
adsorption of nickel ions, the Kf values of Freundlich isotherm
do not fit the adsorption data.

The Temkin adsorption isotherm model assesses the adsorption
capacity of the adsorbent for the adsorbate. The Temkin
isotherm plot for the nickel (II) ions and the parameters are
given in Table 2. The results show that Temkin adsorption
isotherm does not fit the adsorption data for the sorption of
nickel (II) from aqueous solution using mesolite. A comparison
of results obtained for Langmuir, Freundlich and Temkin
isotherms are presented in Table 2.A comparison of results of
the R?values (Correlation coefficient) of Langmuir, Freundlich
and Temkin isotherm model are presented in Table 2. The
Langmuir plot shows the R’values 0.99 close to unity,
indicating isotherm data fitted well to Langmuir model and it
proceeds by mono layer sorption formation (Sukumar et al.,
2014; Khalil et al ., 2016; Ossman et al., 2016).

Table 2 Isotherm model constants for Ni(Il) ion adsorption
onto Mesolite

Isotherm

Parameters Mesolite

models
. gm(mg g™) 252.6681
La“gg“l“r b(Lmg") 2.668675
mode R 0.99475
. Kr (mgg") (Lmg")"™ 1.383035
Freun((iilich n 032428
mode R 0.907132
. Kr 73.13613
Tn‘ig‘é‘éln Br 38.71737
R? 0.987072

Kinetic model

Different kinetic models are used in general to illustrate the
adsorption capacity, the adsorbate effectiveness, and the
adsorption mechanisms. Hence, the equilibrium data were
analyzed with the usual pseudo first-order and pseudo second-
order kinetic models. Adsorption rate constants and their
correlation coefficients (R?) were calculated from the curves
and are summarized in the Table 3. The kinetic data shows that
the correlation coefficient for the pseudo first-order kinetic
model is very low, indicating a poor fit of the model to the
experimental data.

Table 3 Adsorption kinetic model constants for Ni(II)
adsorption onto Mesolite

Initial Concentration (mg L)

Kmdet;c Parameters Mesolite
models 50 100 150 200 250

ge(exp) (mg g-') 49.9355 99.871 149.678 199.355 244.195

Pseudo  de(calc) (mg g") 96.2426 122.596 116.065 124.246 145.221
Ki(min")  -0.05081-0.03317 0.03821 -0.03497 -0.03019

R 0.850031 0'836331 0.950804 0.789237 0.649223

first order
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go(exp)(mg g-1) 49.9355 99.871 149.6775 199355 244.195

ge(max)(mg g-1)57.07042 “15453 166.2526 208.7674 221.2676
Pseudo 0.00041
second k2 (g mg-1 min")0.001191 - 0.0003654 0.000278 0.000218
order
R 0.976489 0'952920 0.968904 0.939285 0.96028
h 0.067947 0.04631 0.060747 0.058049 0.048157
ki 4.4788398'937150 12.88273 15.79354 20.33212
Intra 0.97342
Diffusion R? 091426277 % 0.964194 0.927516 0947238
method 6.01929
c 7.691039 > 19.87908 27.0008 1.891304

However, the correlation coefficient value of pseudo second-
order model (R* = 0.97) (Fig. 8a) was close to unity, indicating
the better fit (Noshabah Tabassum et al., 2016). Besides, the
theoretical values of the g, calculated from the pseudo second-
order model were close to the experimental uptake values of
Jexp (Barati-Harooni et al., 2016).
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Fig 8 a) Pseudo second-order kinetic plot for adsorption of Ni(II) onto mesolite.

b) Intra particle method for adsorption of Ni(II) onto mesolite.

Further, this modelhas the correlation coefficient value (R*=
0.97) which well fitted to the adsorption data (Fig. 8b).The
results of the kinetic analysis indicate that the rate of the
adsorption was controlled by the chemisorption processes. The
results are in accordance with previous study reporting that the
pseudo second order kinetic model was found appropriate for
the prediction of the binding affinity (Elvis et al., 2014).

CONCLUSION

The present study assesses the use of mesolite for the removal
of Ni (II) from aqueous solution. The characterization of
mesolite demonstrated the adsorption capacity through pH and

zeta potential of the adsorbent. The SEM and TEM analysis
proves that the surface of the mesolite has good number of
pores or sites available for adsorption. The ionic interaction
between the Ni(I) and functional groups present in the
mesolite was established by FTIR studies. The removal of Ni
(IT) was found to be dependent on different parameters such as
adsorbent dose, contact time, pH, and initial concentration. The
optimization study signifies that the removal was more than
99%o0f Ni (II) with the concentration of 100ppm at pH 7 after
120 min. The adsorption data befittingly match the Langmuir
isotherm. The adsorption of Ni (II) ions by mesolite followed
the pseudo second order kinetics and intraparticle diffusion
method. The results indicate that mesolite is an efficient and in-
expensive adsorbent that can be used for removal of NI (II)
ions from industrial effluents.
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