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Abstract

We report here the preparation of highly stabilized nanosilver (AgNp) impregnated clay composites by the
biological method. Characterizations by various techniques indicate that the silver nanoparticles were
intercalated into montmorillonite clay k1o (MMT k10) composite. The adsorption of malachite green dye onto
silver nanoparticles impregnated clay (Ag/MMT K10) and calcined clay (Ag/CMMT Ki10) in aqueous solution
was investigated. Experiments were performed out as function of different dosages (1-3g/L). pH (4.7, 6.7 and
8.7) and temperature (30-60°C).The equilibrium adsorption data of cationic dye on both (Ag/MMT K10) and
calcined clay (Ag/CMMT Kio) were investigated by Langmuir and Freundlich models. The maximum
adsorption capability (k) has been found to be 34.3- 44.3mg/g. High adsorptive nature of the calcined clay
Ag/CMMT Kio provided reasonable dye removal capacity. The kinetics of cationic dye adsorption suitably
followed the pseudo- first and second order rate expression which shows that intraparticle diffusion plays an
important role in the mechanism of adsorption. The experimental results indicate that calcined clay Ag/CMMT

K10 is potential material for adsorption of cationic dye from aqueous solutions.

*Corresponding Author: G. Annadurai D4 gannadurai@msuniv.ac.in
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Introduction

Water pollution has become a worldwide
environmental concern due to the removal of noxious
pollutants/dyes in water bodies. Environmental
pollution, in specific water pollution has turn out to
be a severe problem owing to the rapid growth of
industries (Fan et al., 2015). Although a lot of
research has been executed to expand efficient
treatment technologies for polluted waters containing
dyes, no specific answer has been acceptable for
remediating the wide variety of textile waste
(Annadurai et al,, 2002a; 2002b). Among several
methods involve coagulation, flocculation, electro
coagulation and adsorption; adsorption is currently
an effective and cheap method for the elimination of
dyes from water (Panellndra Deo Mall et al., 2005).
Malachite green a basic, cationic, tri-phenyl methane
dye, has been extensively employed for the dyeing of
leather, wool, jute, silk, distilleries, food colouring
agent, food additive, and also functions as fungicide,
ectoparasiticide as well as antiseptic in aquaculture
industry. Release of Malachite green (MG) into the
hydrosphere can cause genotoxic, mutagenic,
teratogenic, carcinogenic effects and it gives away the
adverse colour of water as well diminishes the
penetration of sunlight (Shrivastava et al., 2009;
Bhattacharyya and Sharma, 2005). Nanocomposite is
defined as a multiphase solid substance of single
phase having one, two, or three dimensions of less
than 100 nanometre in range. Metal nanoparticles
affixed on solid substrates suggest a broad application
area such as quantum dots, solar batteries, catalysts,
photo catalysts, antibacterial substances and sensors

(Valaskova et al., 2008; Abdel-Mohsena et al., 2014).

Due to the high ion exchange capacity, high surface
area, sorptive ability, negative surface charge,
chemical inertness as well as less toxicity in clays
(Ohashi, et al., 1998; Zhao et al., 2006), Zeolites
(Top, 2004; Rivera-Garza et al., 2000) and other
alunimosilicates (Dizman et al., 2007) have been used
as carrier with high quality outcome (Carretero,
2002). Montmorillonite is a swelling clay mineral; 2:1
type aluminosilicate consisted of replacing negatively

charged alumino silicate layers with exchangeable

counter ions situated among each layer (Sposito et al.,
1999). The isomorphous replacement of Als+ for Si 4+
as well asmg2* for Al 3+ in the octahedral layer results
in net negative charge on the surface of the clay.
Surface negative charge inequity is balanced by
replaceable cations as well as the corresponding
layers in this constitution are connected in concert by
weak electrostatic forces (Grim and Guven, 1978).
Andrographis paniculata is a prioritized medicinal
plants regarded as king of bitters belongs to the
family Acanthaceae and the extract of this plant
exhibits anti-typhoid, antifungal activity,
antioxidants, anti-inflammatory, anti-snake venom,
antipyretic properties and immune stimulating
system (Aliyu et al., 2007; Puri et al, 1996).
Biological synthesis of silver nanoparticles is cost
effective and environmental friendly in nature. It have
been explored that metallic ion replaced
montmorillonite scattered in water draws and adsorb
negative charged bacteria enhancing germicidal
properties of the substance as well as potent
adsorbent for dyes, charged or non-charged organic
molecules similar to Aflatoxins, herbicides, fungicides
and salicyclic acid (Hu and Xia, 2006; Lombardi et
al., 2003; Damonte et al., 2007; Jaynes et al., 2007;
Bonina et al., 2007). However, to our best knowledge,
there is no literature directing on the adsorption
ability of cationic dye onto bionanocomposites based
on nanosilver intercalate thermally modified clay.
Therefore bionanocomposites reported in this paper
can render an effective method for management of

dye industry waste water.

Material and methods

Basic dye utilized in this study was malachite green
purchased from Sigma-Aldrich. Montmorillonite k1o
and Silver nitrate were obtained from Hi media
laboratories, Mumbai.mg has molecular formula
CisHi8N3CIS (Mol. Wt 319.85 g/mol). The maximum
wavelength of this dye is 615 nm. The dye stock
solution was prepared by dissolving exactly weight
dye in double distilled water to the concentration of
1g/L. The experimental solutions were attained by
diluting the dye stock solution in precise amount to

required initial concentrations.
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Preparation of adsorbent
Andrographis paniculata leaves were collected from
Manonmaniam Sundaranar University

Tirunelveli (District), Tamil Nadu, India. The

campus

collected fresh leaves were washed thrice with tap
water thoroughly and twice with double distilled
water in order to eliminate dust particles and other
associated pollutants. About 10 grams of surface
sterilized leaves were finely chopped into small slices
and boiled with double distilled water for about 10-15

minutes at 60°C as shown in Fig. 1.

Then the boiled extracts were filtered using
Whatmann no 1 filter paper. Calcination is the
process involves heating of the material at 750°C for 3
hours. For the nanocomposite synthesis 3 g of
montmorillonite clay sample and calcined clay sample
was dispersed separately in 1mM aqueous silver
nitrate solution and stirred for 2- 3 hours. Then 10mL
of Andrographis paniculata leaf extract was added to
the clay and calcined clay dispersed in silver nitrate

solution and stirred for 24 hours.

The precipitated nanocomposites were separated
through repeated centrifugation followed by washed
with double

nanocomposites were kept for drying in hot air oven

distilled water. Finally obtained
for 24 hours at 80°C. Then the dried nanocomposites
were grinded well with pestle and mortar as well as

stored in a freezer for further analysis.

MMT Clay
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Fig. 1. Sample preparation and analysis.

Characterization Studies
The UV-visible spectrum of the composites was
measured using a Perkin Elmer Lambda double beam
UV-Spectrophotometer in a range of wavelengths
ranging from 300-700 nm™. Structural analysis of the
nanocomposites powder was carried out using XRD
(Philips PW 1830) in the 26 range of 10°-80° at room
temperature (RT). The functional group present in
the nanocomposites was

SHIMADZU instrument along with the sample as

scrutinized by the

KBR pellet in the wave number region of 500-

4,000cm™. Morphological characterization was
performed by using Scanning Electron microscopy

(Philip modelem, 200).

Adsorption experiments

To investigate the effect of essential factors like pH,
dosages and temperature on the adsorptive removal
of cationic dye, batch experiments were performed.
For every experimental run, 100ml of dye solution of
known concentration, known pH and a known
amount of the adsorbent were obtained in a 200mL
stoppered conical flask. Effect of pH was investigated
over a pH range from 4.7-8.7. The pH adjustments
were performed by addition of 0.1 M HCL or NaOH
using Elico pH meter (digital model). The mixture
was agitated in a temperature controlled shaker at a
constant speed at 180 rpm. Samples were evaluated at
particular time period. Whatmann filter paper used
for eliminating the suspended material and residual
malachite green concentration was estimated. Dye
removal efficiency on nanocomposites was estimated

by the mass balance relationship (Eq. (1).

qe :—FXV
m (1)

Where, qe = Adsorption capacity (mg/g), V=Solution
volume of dye (L), Cr = Initial concentration of dye
(mg/g), Cr = Final concentration of dye (mg/g),
M=Mass of adsorbent (g). The kinetic experiments
procedures were principally equal to those of
equilibrium tests. The aqueous samples were taken at
predetermined time gap, and concentrations of dyes

were identically calculated.
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Results and discussions

The UV- visible absorption spectra of Ag Nps
impregnatedmmTk10 prepared by biological method
is shown in Fig 2. Notably, a single peak obtained at
421 nm in the UV visible spectrum (Fig. A & B) of the
both nanocomposites occurs because of surface
plasmon vibrations of silver atoms. The spectrum
shown here is after 3 months of storage in normal
environmental conditions. These absorption bands
were most probably resulting to the Ag- NPs smaller

than 30 nm (Bhattacharya et al., 2014).
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Fig. 2. UV- Visible spectrum for Ag/MMT k1o and
Calcined Ag/MMT k10 composite.

AgNps of small sizes were impregnated into the
interlamellar space ofmmTki0o utilizing biological
reduction method. The color of the prepared
composites gradually changed into brown color

indicating the development of Ag- NPs in themmTk10

suspension. The results were also indicates that the
Andrographis paniculata extract could be a potent

stabilizer for synthesis of silver nanoparticles.

XRD analysis

Ag/MMTK10 composites have revealed 24 distinct
peaks and Ag/CMMTK10 have revealed 29 distinct
peaks in the entire spectrum of 26 values of ranging
from 20° to 80° at room temperature. The clear and
strong peaks around 2 values of 35, 41, and 61 are
associated to benign Ag crystalline arrangement in
the compound which stabilized by Phytochemical in
Andrographis paniculata extract as shown in Fig.3.
The XRD models obviously display the occurrence of
silver nanoparticles in nanocomposite forms by

Vaidyanathan et al., 2007.
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Fig. 3. XRD Spectrum of A)Ag/MMT Kio and
B)Ag/CMMK10 nanocomposites.
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It was also noticed that both Ag/MMT Kio and
Ag/CMMT Kio illustrated highest peak intensity and
have good crystalline characters by Hanifehpour et
al., 2012. The obtained results implied the successful
formation of dispersion of silver nanoparticle on the
montmorillonitek10 matrix. The similar particles
obtained by xrd of silver clay starch
bionanocomposites (Mansor Bin Ahmad et al., 2010),
copper, gold intercalated montmorillonite, (Dietrich

and Anthony Dipak kumar, 2011).

FTIR analysis

The band which appeared at 798.89cm™ was
corresponding to the =C-H bending of the functional
group alkenes. FTIR also shows peak at 1042. 19cm™
was arises due to the presence of C-N stretching of the
functional group aliphatic amines. The number of
functional group present in the Ag/MMT K10 contains
low number when compared to Ag/CMMT Kio
composite as shown in Fig. 4. While the clay molecules
expands the interstitial layers present in the clay also
expands due to the process of calcination and thus hold

more functional groups (Cheng et al., 2005).
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Fig. 4. FTIR Spectrum of A)Ag/MMT Kio and
B)Ag/CMMT K10 nanocomposites.

The presence of functional group is also one of the
important factors in the adsorption mechanism. The
absorption peak at around 3372cm™ was due to N-H
stretching of the functional groups 1°, 2° amines and
amides. The peak obtained at 1032.43cm-1 was
ascribed to the presence of the functional group
aliphatic amines. The IR band obtained in Ag/CMMT
K10 nanocomposite at 798cm -1 was ascribed to the
C- Cl stretching of alkyl halides by Zaitsev et al., 1990.
The band appeared at 520cm- C- Br stretching of the
functional group alkyl halides. Similar results were
noticed in silver

schizophyllan nanoparticle

composite by Abdel-Mohsen et al in 2014.

SEM analysis
The surface morphology of the synthesized
nanocomposites was shown in the Fig.5. Small sized

bound
intermolecular forces of clay composite in both
Ag/MMTK1i0 and Ag/CMMTK1i0 nanocomposite.

Silver nanoparticles were bind over the sheet like

particles are aggregates due to the

surface of the clay and calcined clay nanocomposites.
Similar results were obtained in Studies on
Preparation and analysis of Organoclay Nano
Particles by the authors Bhattacharya S.S. and
Mandot Aadhar in the year 2014; Shrivastava et al.,

20009; Zaitsev et al., 1999).
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Fig. 5. SEM Image of a)ymmT K10 b) AG/MMT Kio
and ¢) AG/CMMT K10 nanocomposite.

After biological modification with Silver nanoparticles,
flakes were attached by functional features to form

aggregates as revealed in Fig. 5a, b and c.
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When Ag ions are substituted by other cations
inmmTkio, the limit among the interlayer in
Ag/MMTkio and Ag/CMMTK10 nanocomposite is
more evident than that of interlayer inmmTK1io
signifying the Ag ions may increase the distance
between the tetrahedral sheets and modify the
structure of mmT K10 by Cheng et al., 2005.

Effect of Dosages

The effect of adsorbent dosages on Malachite Green
uptakes by (Ag-CMMTKi10 Clay) for three different
dosages sizes is shown in (Fig 6a). It can be surveyed
that as the dosages increases, the adsorption of dye
increases. The results confirm that there is a slow
increase in adsorption with increasing dosages. Such
an effect of possibly by reason of the inability of the
large dye molecule to penetrate all the internal pore
the (Ag-CMMTKi10 Clay) and similar

phenomenon was described earlier for the adsorption

structure of

of certain dyes on various adsorbents (Tsai et al.,
2001; Sivaraj et al., 2001; Annadurai et al., 2002;

Yoshida et al., 1993; Kawamura et al., 1993).
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Fig. 6. Effect of a) adsorbent dosages, b)

temperatures and c¢) p* on malachite green dye.

Dye adsorption increases with increases in adsorbent
dosages because of more number of surface active
sites present on the surface for the malachite green
dye adsorption on the Ag/MMTk10 nanocomposites.
Primarily the dye removal rate is increased quickly
then declined as the dose increased. Due to the
availability of the free sites the dye removal
percentage is higher and faster in the initial stage and
increase in uni molecular layers. As per the obtained
results dose of adsorbent at 3.0 g/L shows the
maximum removal of malachite green dye, after that
there is no significant change in the dye removal

though the dosage is increased.

Effect of Temperature

Malachite Green uptake as a function of temperature
by (Ag-CMMTK1o0 Clay) (30, 45 and 60°C) is shown in
(Fig 6b) The adsorption of dye at higher temperature
was found to be better compared to that at a lower
temperature. The curve denotes the strong affinity of
the method for monolayer formation (Sivaraj et al.,
2001; Annadurai et al., 2002, Yu et al, 2002;
Ravikumar, 2000, Muzzarelli, 1973). The increase in
temperature would increase the mobility of the large

dye ion and also creates a swelling effect within

The internal structure of the Ag-CMMTK1o0 Clay, thus
enabling the large dye molecule to enter further for

1973).
adsorption ability should mostly depend on the

studies (Muzzarelli, Consequently, the
chemical interaction among the functional groups on

the adsorbent surface and the adsorbate and should
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increase with temperature rising (Kawamura et al.,
1993). Retardation in the adsorption takes place while
the temperature rises from 30 to 60°C. This occurs
due to the fact that the adsorbate solubility increases
at higher temperature and decrease in chemical
potential. When the temperature increases, pores of
the adsorbent molecules increases with diffusion rate
of the adsorbate materials across the outer boundary
layer also increases. Temperature change will alter
the equilibrium ability of the adsorbent changes for

the specific adsorbate

Effect of pH
Fig. 6¢ shows the effect of pH on adsorption of the

cationic dyes onto cross-linked (Ag-CMMTK1o0 Clay).
In common, uptakes were much superior in acidic
solutions than those in neutral and alkaline
conditions. At lower pH more protons will be
obtainable to protonate amino groups of molecules to
form groups —NH3+*, in that way increasing the
electrostatic attractions between negatively charged
adsorption sites and positively charged dye cation and
causing an increase in dye adsorption. This
description corresponds with our data on pH effect. It
can be found that the pH of aqueous solution takes
place an important part in the adsorption of cationic
dyes onto (Ag-CMMTKio Clay). pH is the major
parameter which influences the adsorbent process on
the adsorbent. The optimum pH for the maximum
dye removal was achieved at pH 6.7 and maximum

18mg/L of the dye desorption takes place at this pH.

Langmuir isotherms

In the current research, the equilibrium data were
investigated according to the linear form of Langmuir
Eq. (2) Freundlich Eq. (3) and model of adsorption
isotherm. The Langmuir isotherm has found
profitable appliance too many other real sorption
processes and it can be used to elucidate the sorption
of Malachite Green onto (Ag-CMMTK.,, Clay). A
fundamental hypothesis of the Langmuir theory is
that sorption takes place at particular sites within the
adsorbent (McKay, 1984; Low and Lee, 1997; Wei et
al., 1992). The data attained from the adsorption

experiment performed in the recent survey was fitted

in different adsorbent dosages, pH and temperature
in isotherm equation. The saturation monolayer can

be denoted by the expression.

¢ = K
¢ (1 +DbC o) (9
11 1
= -
q . K KbC . (3)

A plot of (1/ge vs 1/Ce) resulted in a linear graphical
relation signifying the applicability of the above
model as shown in (Fig.7 a to ¢). The values are
evaluated from the slope and intercept of different
straight line corresponding to the different dosages,
pH and temperature (b) energy of adsorption and (k)
adsorption capacity. The Langmuir isotherm constant
(ge) in equation (2) is a measure of the amount of dye
adsorbed, when the monolayer is concluded.
Monolayer capacity (k) of the adsorbent for the dye
malachite green is similar acquired from adsorption
isotherm. The observed statistically significant (at the
95% confidence level) linear relationship as
confirmed by the R2 values (close to unity) denote the
applicability of the isotherm (Langmuir isotherm)
and surface. The Langmuir isotherm constants along
with correction coefficients are stated on (Table 1) it is
also obvious from the shape of the adsorption
isotherm, that it fits in to the L. category of isotherm,
which designates the normal (or) Langmuir type of
adsorption, (Chiou and Hy Li, 2003; Yui et al.,1994;
Rinaudo, 2006). Such isotherms are frequently
encountered when the adsorbate has a strong
intermolecular attraction for the surface of the
adsorbent. The L. shape of isotherm examined in the
current concern clearly implies that Malachite Green
molecules must have been strongly attached to the

(Ag-CMMTK1o Clay).
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Fig. 7. Langmuir isotherm for the adsorption of
Malachite Green dye using (Ag-CMMTKi10 Clay) at
different a) dosages, b) pH and c) temperatures.

Freundlich Isotherms

Freundlich isotherm is utilized for mixed surface
energies system and the sorption isotherm is the most
suitable form of denoting the experimental data at
different
CMMTK1o Clay) as revealed in (Fig.8a-c). Langmuir

dosages, pH and temperature (Ag-
and Freundlich isotherm (Eq.- 4 and 5) is suited
completely the line shows excellent results in Fig. at
different dosages, pH, and temperature which
represents optimum adsorption illustrate in the Fig 8
(a to ¢) Langmuir and Freundlich isotherm satisfies
which shows association of 0.0997. Malachite green
dye removal takes place in two discrete stages.

Comparatively rapid one is followed by
_ 1/n
q e T K F C e (4)
Ing, =InK_: /(1/n)InC, (5)

The numerous constants, related with the isotherm
are the intercept, which is approximately on indicator
of sorption capacity (kf) and the slope (1/n) sorption
intensity values are tabulated in (Table -1).

Freundlich of isotherm has been pointed up to be an

extraordinary situation of heterogeneous surface
energies and it can be simply unlimited to this
condition. It has been affirmed by Krajewska in 2005

and Kawamura et al., (1997).

In the year 1997, that degree of the exponent 1/n
presents a sign of the favorability and capability of the
adsorbent/adsorbate system. The values n>1 signify
favorable adsorption states. Generally, the exponent

between 1<n<10 confirms beneficial adsorption.
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Fig. 8. Freundlich isotherm for the adsorption of
Malachite Green dye using (Ag-CMMTK10 Clay) at

different a) dosages, b) pH and c¢) temperatures.
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This is not limited to the monolayer formation. This
model envisages that dye intensity in the adsorbent
will rise with increase in dye concentration in the
solution. Alternatively in the Langmuir model, it is
understood that intermolecular forces diminish
promptly with distance and this guides to the insight
that coverage by biosynthesized nanocomposite is of

monolayer type. Additional, it is presumed that once

a specific site of the adsorbent is engaged by an
adsorbent molecule, no more adsorption happen at
that site. Hypothetically, adsorbent has restricted
amount of sites and formerly every sites are occupied
by nanocomposite, additional adsorption cannot
occur. Nevertheless, if the full concentration range is
separated into three linear states, nice fits to the

experimental data are recorded.

Table 1. Langmuir and Freundlich isotherm constants at different adsorbent dosages, temperature, and pH-Ag -

c¢cmMTK10 Clay- Malachite Green dye.

Parameters Langmuir Isotherm -model parameters Freundlich Isotherm -model parameters
Dosage 1.0 K=21.14; b=1.12; R2= 0.9748 Kr=0.964;n=1.0374 ; R>= 0.8534
(e/ 1) 2.0 K=41.88;b=1.08 ; R2= 0.9489 Kr=1.0249;n=0.9757;R2= 0.7879

3.0 K=26.14;b=1.00; R2= 0.9702 Kr=0.7677;n=1.3022; R>=0.8640

30 K=26.14;b=1.115; R2= 0.9748 Kr=0.840;n=2.008 ; R2=0.8838
’(I;eér)lperature 45 K=34.36b= 1.124; R2=0.9535 Kr=1.0597;n=1.940; R2=0.8109

60 K=44.39; b=1.121; R2=0.9721 Kr=0.9452;n=1.719 ; R2=0.8664

4.7 K=36.49;b=0.83; R2= 0.9744 Kr=0.6073;n=1.754; R>=0.8838
pH 6.7 K=26.14;b=1.12; R2=0.9748 Kr=0.9640; n=2.008;R>= 0.8534

8.7 K=31.14;b= 0.98; R2= 0.9714

Kr=0.8442;n=1.9047; R?=0.8580

This is almost certainly (i) due to the existence of
different groups such as aluminium, silica in the (Ag-
CMMTK10 Clay) dye molecule producing uneven
energy distribution in the nanocomposite (Ag-
CMMTK10 Clay) surface or (ii) by a solely physical
adsorption. The general shape of the isotherm curve
comprising pointed curvature close to the saturation
position and short equilibrium time are also especial
characteristics of Langmuir equilibrium with
maximum sorption capacity. The investigational
conclusions also corroborated the saturation ability
expected by Langmuir equation at different dosages,

pH and temperatures.

Adsorption  Kinetics: Malachite
CMMTKio Clay)

The kinetics of adsorption was analyzed for its

Green: (Ag-

potential significance in the management of dye

containing industrial effluents. Various kinetic
models have been estimated to explain the process by

which pollutants are adsorbed.

To study the method of the dye adsorption kinetic
models were measured as follows. The kinetics of
adsorption is vital from the viewpoint that it governs
the process efficiency. Numerous kinetic models have

been utilized by several workers and diverse

structures agrees with different models but the
Langergrens rate equations for the sorption of a
solute form liquid solution. In order to check the
controlling mechanism of adsorption processes such
as group transport and chemical reaction, a number
of kinetic models are exploited to investigate
experimental data. The effect of adsorbent was
various weights of dosages on sorption of Malachite
Green as exposed in Fig. (9a). It can be observed that
as the dosages increases, the adsorption of dye
increases. The results demonstrate that there is a

steady increase in adsorption with increasing dosages.
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Fig. 9. Effect of specific dye (Malachite Green)
uptake a) at different dosages b) at different pH and c)

at different temperature with time (mts).

The consequence of pH on adsorption process was
scrutinized at different pH values, namely, 5.7, 6.7
and 8.7 and the results are represented in (Fig 9 b).
This might be owing to the number of positive
charges on the sorbent surface which directs to the
no rejection of the negatively charged dye molecule,
and thus increasing the adsorption. In common,
the uptakes are much elevated in acidic solutions
than those in neutral and alkaline conditions. The
highest capability
proportion between acidic and alkaline states reach
5.7 to 8.7 malachite Green (Ag-CMMTKio0 Clay)
sorbent. The dye absorption could additionally gain

values of the adsorption

support from the ion exchange reaction. This
justification coincides with our information on pH
effect. It can be observed that the pH of aqueous
solution acts a key role in the adsorption of
malachite Green (Ag-CMMTK10 Clay) sorbent.
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Fig. 10. Effect of specific dye (Malachite Green) uptake a) at different adsorbent dosages with time (mts)b) at

different temperatures with time(mts) c) at different pH with time (mts) in the pseudo-first-order equation

The increase in temperature would increase the
mobility of the bulk dye ion as well as creates a
swelling effect in the interior arrangement of the

Environmental Nanomaterial, therefore permitting

the large dye molecule to penetrate further as shown
in (Fig 9c)(Mckay et al, 1984; Fan et al, 2015).
Hence, the adsorption ability must predominantly

depend on the chemical interaction among the
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functional groups on the adsorbent surface and the K,
. L log (qeq - q,)= log Og — 52zt @

adsorbate and should increase with rise in 2.303

temperature (Aguiar et al., 2017; Chang and Juang,
2004). From a technique design perspective, a mass
investigation of adsorption rates is consequently
satisfactory to functional operation as shown in (Fig
10 a to ¢). A simple kinetic investigation of adsorption
is the pseudo-first-order equation;
dg 6

L= Kl(qeq - q() ( )

t
Following distinct integration by applying the initial
conditions g:=0 at t=0 and q:=q: at t=t, equation (6)

be converted into;

— Uinear (1094)
44 1

Where qeq and qt are quantity of dye adsorbed at
equilibrium as well as at time, inmg g-1 subsequently,
and K; is the first order rate constant, was employed to
the current studies of dye adsorption. As such the values
of log (qe-q) vs t were estimated from the kinetic

records of (Eq-7) and designed against time.

The first-order rate constant evaluated from the plots are
exposed in (Table 2 and 3). Adsorption kinetics for
certain scheme can also be depicted by a pseudo-second

order reaction (Sivaraj et al., 2001; Peternel et al., 2007).
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Fig. 11. Effect of specific dye (Malachite Green) uptake a) at different adsorbent dosages with time (mts) b) at

different temperatures with time (mts) c) at different pH with time (mts) in the pseudo-second-order equation

The pseudo-second-order equation depend on
adsorption equilibrium capacity can be expressed in

the form;

dg o Kz(qeq - qt)z @)

Where k- is the rate constant of pseudo-second-order
adsorption. Combining equation (9) and relating the

initial conditions, we have

1— = 1_ + K 2t (9)
(d g — O ) de.
or consistently,
t 1 1 (10)
—_— = ——— 4
q. K 204 q.
The kinetics studies of dye adsorption on

Ag/CMMTk10 nanocomposite have been examined by

applying various first and second order kinetic
equations correlated with time.The values of pseudo
first order and second order rate constant and all the
linear coefficient are found to be statistically
significant as shown in (Fig. 11 a-c).This indicates the

pseudo order equations are applicable.

The K; and K. values obtained from the Langergran
equations for the adsorbent are almost equal to the
value represented in the Table 2.  Estimated
correlations are closer to unity for first order kinetics
model. Hence the adsorption dynamics could fitted
more suitable by first order kinetic model for dye
adsorption. The k2 (mg g min?) and qeq (Mg g* min-

1) vaues as calculated are listed in Table 2.
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Table 2. Pseudo-first order rate constant at different
dye concentration, pH and temperature Ag -

¢cmMTK1o0 Clay -Malachite green dye.

Pseudo-first Pseudo-first-order rate constant

order

Dye 20 Ki=0.0658;qeq=1.4165 R2= 0.99989
Concentration 40  K,= 0.258; qeg= 1.5401; R2= 0.9999
(mg/L) 60 K= 0.226; qeq= 1.4597;R2= 0.9989
pH 5.5 Ki=0.0258;qeq= 1.4165; R2= 0.9989

6.8 Ki=0.0257;qeq= 1.5401; R2= 0.9999
7.8  Ki=0.0258;qeq= 1.4597; R>= 0.9896
Temperature 30 Ki=0.0257;qeq= 1.4165; R2= 0.9989
(°C) 45 Ki=0.0287;qeq= 1.5401; R2= 0.9998
60 Ki=0.0218;qeq= 1.4597; R2= 0.9989

Table 3. Pseudo- second order rate constant at
different dye concentration, pH and temperature Ag -

¢cmMTK1o0 Clay -Malachite green dye.

Pseudo second Order Pseudo second order rate constant

Type -1
Dye Concentration 20  Ko=0.0442; qeq= 14.51; R2= 0.9989
(meg/L) 40 Ko= 0.0075; Geq= 34.96; R2= 0.9986

60 Ko=0.0156; qeq= 27.47; R2= 0.9987
pH 5.5 Ko=0.0154; qeq= 23.14; R*=0.9995
6.8 Ko=0.0155; qeq= 26.24; R?= 0.9996
7.8 Ko= 0.0156; qeq= 27.47; R2= 0.9997
Temperature (°C) 30 Ki=0.1093; geq= 14.90; R?= 0.9995
45 Ko=0.0038; qeq= 25.90; R?= 0.9686
60 Ko= 0.0476; qeq= 21.08; R2= 0.9935

Conclusion

Thus, we offer a simple fragile strategy to synthesize
Ag Nanoparticles impregnated clay and calcined
claymmTk10 nanocomposites. The experimental
signified that Ag/MMTkio and
Ag/CMMTKk10 has the higher capacity to behave as an

studies have

adsorbent for the removal of malachite green from
aqueous solutions. In addition, the adsorption
isotherm can be best denoted by a Langmuir and

Freundlich models.

The experimental results indicated that Ag/CMMT
possessed a maximum dye adsorption capacity for
malachite green. The dye wuptake rate by
bionanocomposites nicely followed pseudo-first order
kinetic model compared with pseudo first order
kinetic model. The high adsorption capacity of the
nanocomposites can be attributed to the strong
attraction between the charges of the claymmTkio
and cationic dye. Consequently, the adsorption
process as well as the bionanocomposites presented
in this research may afford a potential and low cost

material for removing toxic dyes from wastewater.
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