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ABSTRACT

The present study investigates the efficiency of bimetallic zinc-silver (Zn-Ag) nanoparticles embedded in
montmorillonite (MMT)-biopolymer viz, Zn-Ag/MMT/Chitosan (Ch), Zn-Ag/MMT/Gum ghatti (Gg) and Zn-
Ag/MMT/Poly lactic acid (PLA) nanobiocomposites for the removal of monocrotophos (MCP) from aqueous
solution. The composites were characterized by XRD, TGA, and BET. The parameters viz., pH, contact time,
temperature, initial concentration and dosage were optimized. The removal of MCP followed the order: Zn-
Ag/MMT/PLA (98.8%)>Zn-Ag/MMT/Ch (90.7%)>Zn-Ag/MMT/Gg (86.9%) >Zn-Ag/MMT (64.8%). The adsorption
of MCP onto composites was well explained by Freundlich model. The kinetic studies suggested that the adsorption
of MCP on composites proceeds according to pseudo-first order. Intraparticle diffusion and Boyd plot suggested
that the film diffusion was not the sole rate limiting step. Thermodynamic parameters of adsorption were also
determined. The mechanism of adsorption process was also elucidated by FT-IR, AFM and EDX. Furthermore,
regeneration studies showed that the adsorbent could be reused up to six cycles.
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INTRODUCTION

Monocrotophos [dimethyl (E)-1-methyl-2-(methylcanhayl)vinyl phosphate, MCP] is one of the most papund
broadly used organophosphate insecticide owingstaigh efficiency and low cost in controlling peshainly on
cotton crop, sugarcane, rice and other vegetablgsan India [1]. WHO and EPA classified MCP insdd- highly
toxic compound, which is identified as endocrinergipting chemical [2]. As an exogenous agent pteisethe
environment, MCP disrupts the endocrine functicgh as growth, development and reproduction inaman
animals and birds. MCP is extremely toxic to hohegs and moderately toxic to fishes even at a mveentration
[3]. Exposure to MCP is known to produce a varitpiochemical dysfunctions in mammals causing higtation
to the eyes, slurred speech, loss of reflexes, mess( involuntary muscle contractions, and pamslgsithe body
[4]. Though it is banned on the usage in ediblgsrio India from 2006, it is illegally used on atbps [5]. It is one
of the highest consumed pesticides in India andahhalf life of approximately 66 days at neutral [i7]. The
levels of MCP above maximum residue limits (0.2 g1y in various vegetables have been reported [8]eév
reports have highlighted the existence of MCP &mdesidues in surface, ground and rain water @iat@nd non-
point sources [9,10].

Several techniques such as microbial degradatibfy Fenton degradation [12] and photocatalytic ddgtion [13]
are being practiced to remove the pesticides frqoeaus solution. However, these techniques areiassd with
major limitations such as time consuming, high @ generation of residual products [14]. Thusrdtis a need
to search for a cost effective and eco-friendlyhtégue for the efficient removal of MCP from aqusou
environment. Adsorption is proven to be suitabléeative and economical method for the eliminatimhwide
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range of contaminates from aqueous solution [16}e8al research reports highlighted the applicatibmarious
adsorbents for the removal of pesticides from ags@mvironment [16-19].

In recent years, biopolymer-clay based nanobiocaitg® have become a subject of intensive researehaltheir
ability of nanoscale dispersion in biopolymer matrivhich brings significant improvement in physicahd
functional properties of both the biopolymers armmhaparticles [20]. Biopolymers have been reportsdaa
promising class of materials for removal of vari@msganic or inorganic compounds from wastewater touneir
improved properties such as non-toxicity and biodégbility [21]. Clays have been widely used asofiflars in
biopolymer systems due to low cost and improvedhaeical properties of the nanobiocomposites. Initeuig
clays are well known for their high binding capestdue to the higher surface area and uniqueddystructure
[22,23]. Recent reports suggested the applicatioradous biopolymer-clay nanobiocomposites for temoval of
pesticides [24-26]. However, no report is availalde use of nanobiocomposite composed of bimetallic
nanoparticles, biopolymer and clay minerals.

In the present study the efficiency of nanobiocosifgo composed of bimetallic Zn-Ag nanoparticles,
montmorillonite, chitosan, gum ghatti and poly lacacid were evaluated with respective to achiexaldiCP
adsorption from aqueous environment. The compositere characterized using XRD, BET and TGA. The
adsorption mechanism was elucidated using FT-IRMA&nd EDX. In addition, desorption and regeneration
experiments were conducted in batch studies.

MATERIALSAND METHODS

All the chemicals were analytical grade and usatiout further purification. Monocrotophos (MCP, {199.9%),
chitosan of high molecular weight (Ch), gum ghé®g), poly lactic acid (PLA) and montmorillonite (W, clay)
with surface area of 20-40%m™* were purchased from Sigma Aldri€hemicals, IndiaThe standard solution of
MCP (1000 mg [') was prepared using deionised water and the erpetal solutions were obtained by successive
dilutions of standard MCP solution.

Synthesisof Zn-Ag/MMT nanocomposite

Zinc-silver bimetallic nanoparticless/MMT nanocomijiesvere synthesised using a simple oxido-reduati@thod
described by Srivatsan et al., [27] with minor nfizditions. Briefly, 10 % (w/v) montmorillonite wadispersed in
80 ml solution containing 240 mg of porcine gelatidn(NG), solution (10 mmol/5 ml 0.01 N) solution was added
to the above suspension followed by AgN®O mmol/5 ml HO). After the reaction of 10 min, the pH was raited
9.5 using 1 N NaOH and the solution was stirred2fdr at 60 °C. The precipitate formed was centgfljgvashed
three times with deionised water and freeze drie@D&C to obtain a fine powder of nanocomposite.

Preparation of Zn-Ag/M M T-biopolymer nanobiocomposites

Chitosan based nanobiocomposite (Zn-Ag/MMT/Ch) warepared by adding 10 % (w/v) Zn-Ag/MMT
nanocomposite in 100 ml containing 2 % (v/v) glacaetic acid and magnetically stirred for 30 minr@om
temperature. Chitosan (2 %) was added to the abasgension and the mixture was stirred for 60 mioktain a
homogenous suspension after which the suspensisnined at 60 °C for 4 h.

Gum ghatti based nanobiocomposite (Zn-Ag/MMT/Gg)svaepared by addition of 1 % (w/v) gum in 100 ml
distilled water containing 10 % (w/v) Zn-Ag/MMT nacomposite. The pH of the solution was maintained.@a
using 1N HCI. The suspension was left overnighivaithg the swelling of gum in the solution and dragds0 °C for

4 h,

Poly lactic acid based nanobiocomposite (Zn-Ag/MWIOA) was prepared following the same procedure riteest
for the preparation of Zn-Ag/MMT/Ch. In the preseaitse, acetic acid and chitosan were replaced loyofbrm
and poly lactic acid respectively.

Characterization

X-ray diffraction (XRD) patterns of the bimetallién-Ag nanoparticles were recorded on Bruker D8 Adbea
diffractometer with Cu-I¢ radiation in the2d range of 20°-80° with a scanning rate of 4 min atgp size of 0.02.
The thermal behaviour of composites was studiedgusie thermogravimetric analyser under helium aphere at

a heating rate of 10 °C minand differential scanning calorimetry. The BETfaoe areas of composites were
calculated following the standard procedure [28)eTpoint zero charge (pkt) of composites was evaluated
following the standard method [29].
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Spectroscopic studies

The involvement of various functional groups in @ggion of MCP was studied using FT-IR spectra rded on
Avatar 330 model FT-IR spectrophotometer (Thermooldit Co., USA). The surface elemental compositién
composites was analysed using Noran System Six Inibgrgy Dispersive X-ray Microanalysis System (irhe

Electron Corporation, Japan). Accelerating voltages kept constant at 15 kV, to facilitate the emrssof

secondary X-rays. The surface topologies of compsdiefore and after adsorption were analysed usiomic

force microscope (Nanosurf easyscan-2, Netherlands)

Adsor ption experiments

The batch adsorption experiments were carried mwuplicates and the results were reported as arage. For
adsorption experiments, a known weight of adsorkerst mixed with 50 ml of MCP solutions in Erlenmeflask

at room temperature (26 °C+2) and shaken for aeedd of time. The effect of operating parametézs pH (4.0-
11.0), contact time (30-390 min), reaction tempeeai(10-50°C), initial MCP concentration (20-160 ind) and
adsorbent dosage (1.0-6.0 mg)lwere investigated. At the end of pre-determirigtetinterval, the samples were
centrifuged at 10,000 rpm for 10 min and the sugiamt was analysed for the residual MCP conceatratusing
high performance liquid chromatography (HPLC). Tiptake capacityq) of adsorbent and the removal percentage
(R) of MCP were calculated using the following eqoas.

q:CO_Cf x\/
M

C,-C,
R=—""x100
Co

Where,C, (mg L) andC; (mg LY) are the MCP concentrations before and after atisorrespectivelyy (L) is the
volume of MCP solutions and (g) is the weight of the adsorbents.

Equilibrium, Kinetics and thermodynamic studies

The equilibrium data were analysed by using twaapsater isotherms Langmuir, Freundlich and Dubinin-
Radushkevich (D-R) models. The kinetic experimemtse conducted at optimum conditions and sampleg we
withdrawn at equal intervals for analysis. Pseldsi-brder, Pseudo-second order, Intraparticleudiéin and Boyd
plot have been used for the modelling of the kinetata for adsorption of MCP on nanobiocomposiidse
fundamental thermodynamic parameters such as GiBbsenergy AG), enthalpy AH) and entropy AS) were
calculated to evaluate the thermodynamic feagibiihd the nature of the adsorption process usiagdstd
equations.

Desor ption and regener ation experiments

Desorption experiments were carried out with coritpoitially treated with 50 pg mt solution of pesticide
during the adsorption study. After reaching theoagi$on equilibrium, solutions were filtered andethomposite
was resuspended in deionised water. The resuspsadguies were shaken at 30+2 °C, after which tepensions
were centrifuged and the desorbed pesticide wagsathas reported in the section 6.0. Desorpti@tgniure was
repeated three times for each composite. All erpents were carried out in triplicates and resuktsewreported as
an average. Composites after desorption of pestigidls regenerated by drying at 60 °C for 4 h. Tdwogption,

desorption and regeneration cycle was repeated tiges using the same composite.

RESULTSAND DISCUSSION

Characterization

X-ray diffraction patterns of nanoparticles wereedmined in the range of 20-80and the results are presented in
Fig. 1. The XRD pattern of both the ZnO and Ag nzarticles exhibited a well defined peak therebgidating
their purity. The XRD pattern of ZnO nanoparticlesd peaks atRvalues of 31.7, 34.4, 36.2, 47.5, 56.5, 62.8 and
67.9 which correspond to the 100, 002, 101, 102, 1D3 and 112 planes respectively (Fig. 1a). Rer Ag
nanoparticles, the peaks obtained werebatdtues of 38.0, 44.2, 64.3 and 77.3 which corredgo the 111, 200,
220 and 311 planes respectively (Fig. 1b). Thensitg of the ZnO peaks atvalues of 31.7, 36.25 and 56.5
reflected high degree of crystallinity in nanopads. In case of Ag, peaks & 2alues of 38.0 and 64.3 indicated
high degree of crystallinity in Ag nanoparticleBhe diffraction peaks obtained for bimetallic Zn-Agnoparticles
had corresponding characteristic peaks which weétaimed in both the individual nanoparticles whaggested
the co-existence of both Zn and Ag nanopatrticleg. (Ec). It was also noted that, bimetallic Zn-Agnoparticles
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retain their respective crystalline structuresesensin the individual nanopatrticles, suggestingititeraction of one
metal on the other forming a bimetallic nano-compmi&ZnO and Ag.
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Figure 1: X-ray diffraction pattern of (a) ZnO nanoparticles, (b) Ag nanoparticlesand (c) bimetallic Zn-Ag nanoparticles

The surface areas of the composites viz. Zn-Ag/MRLR, Zn-Ag/MMT/Ch, Zn-Ag/MMT/Gg and Zn-Ag/MMT
were measured as 78 gt, 66 nfg’, 43 nfg and 38 mg* respectively by BET. TGA analysis suggested a towe
weight loss percentage in case of Zn-Ag/IMMT/PLA .R226) followed by Zn-Ag/MMT/Ch (29.3 %), Zn-
Ag/MMT/Gg (41.5 %) and Zn-Ag/MMT (49.9 %).

The pHbzc is major characteristic of any adsorbent as iiciaigs the net surface charge of the adsorbemtutien.
The pHpzc values of Zn-Ag/MMT, Zn-Ag/MMT/Ch, Zn-Ag/MMT/Gg ahZn-Ag/MMT/PLA was found to be 5.6,

6.9, 5.7 and 6.2 respectively which suggested dmeposites posses’ positive charge below thezplend negative
charge above the pht,

Effect of parameters

The pH of the solution plays an important role osstitides adsorption since it controls the mageitad
electrostatic charges and degree of ionizationhef gesticides. The effect of pH on the removaM&P was
examined in pH range 4.0 to 11.0 and the data ésqgmted in Fig. 2(a). The acidic conditions favdutee
adsorption of MCP molecules by all the compositdsaximum removal was noted at pH 5.0 and 6.0 by Zn-
Ag/MMT, Zn-Ag/MMT/Gg and Zn-Ag/MMT/PLA, Zn-Ag/MMT/Ch respectively. The pH dependency on removal
efficiencies could be explained based on the sartdmarge of the composites (@ and degree of ionisation of
MCP (pKy). The pk, of MCP is 4.4 which signify that the MCP exit agsjiively charged cation and above the
same, negatively charged MCP anions predominai@ls The high adsorption efficiency at optimum pHues
clearly suggests the electrostatic attraction betwgositively charged composites surface and neggtcharged
MCP anions in the solution. The decrease in MCPoranin alkaline pH range was due to the electtasta
repulsion between the negatively charged compositdace and MCP anions.

Removal of MCP by composites as a function of atirtiane is depicted in Fig. 2(b). The effect of tast time on
MCP adsorption was studied ranging from 30 to 39@.rThe removal efficiency of Zn-Ag/IMMT/Ch, Zn-
Ag/MMT/PLA and Zn-Ag/MMT, Zn-Ag/MMT/Gg composites eached equilibrium at 120 and 180 min
respectively. It was observed that the adsorptfdd©P was significantly rapid in the initial stagése to abundant
availability of active sites on composites surfacel with gradual occupancy of these sites, therptiesa becomes
less efficient in the later stages [31].

The influence of temperature on the removal of M@ the aqueous solution was investigated at teatpees
ranging from 10 to 50 °C. As shown in Fig. 2(c) ianrease in temperature from 10 to 30 °C increabed
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adsorption of MCP by all the composites. The deseéa MCP adsorption efficiency by all the compasiat high

temperature was due to the high solubility of tlestgide that could be less retained by the bindiitg of
composite thereby affecting the overall adsorpficotess [32,33].

The influence of initial MCP concentration on thdsarption of MCP was carried out by varying the MCP
concentration ranging from 20 to 160 mg.LMaximum uptake was noted at 80 mg by Zn-Ag/MMT
nanocomposite and Zn-Ag/MMT/Gg nanobiocomposite neag Zn-Ag/MMT/Ch and Zn-Ag/MMT/PLA showed at
100 mg [*and 120 mg L respectively (Fig. 2d). The adsorption of MCP wasrfd to increase with increase in
initial pesticide concentration due to the avaliapdf more number of MCP molecules for adsorptpocess [34].
However, a further increase in initial MCP concatitn showed significant decrease in removal dughto
repulsive forces between the MCP molecules thoséaund to adsorbent and those are present irohinos.

The effect of composite dosage on MCP removal ieffity is presented in Fig. 2(e) and the effectahposite
concentration was studied in the range of 1.0 @og6L. Maximum MCP removal was noted at 5.0 §and 3.0 g
L™ in case of Zn-Ag/MMT nanocomposite and other namwdimposites respectively. The enhanced removaigalo
with the increase in composite dosage was duedgatfailability of exchangeable ions and increasachbrer of
active sites on the composites surface [35]. Theokal efficiency was found to be decreased beybedptimum

concentration which cloud be due to aggregatiooonfiposite materials thereby leading to a decressddce area
for the MCP adsorption [36].
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Figure 2: Effect of (a) pH, (b) contact time, (c) temperature, (d) initial MCP concentration and (€) dosage on removal of MCP

Equilibrium, kinetic and ther modynamic studies

The adsorption isotherm is an equilibrium relatlipghat correlates the amount of adsorbate omdserbent as a
function of its concentration at constant tempemtlAmong the two parameter isotherms tested, [item
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isotherm model was found to exhibit the best fitmhigh correlation coefficient @Rand low error (APE) values
thereby suggesting a heterogenous mode of MCP ptitsoion all the composites (Fig. 3a). The resshiewed
that the adsorption capacity was higher in cas&refAg/MMT/PLA nanobiocomposite (high Kvalue, 8.63)
compared to other composites (Table 1). Langmoihe&ym model exhibited a poor fit with the expenmad data
due to low R values and high error values. D-R isotherm mod@lgh having low error values exhibited a poor fit
due to low R values for all the composites.

In order to examine the diffusion mechanism invdheiiring the adsorption process, various kineticdet® were
tested. The kinetic parameters including corretatioefficients (R), ki, k. and calculated (g values of pseudo-
first order, pseudo-second order and intrapartifeision are determined by linear regression aswshin Table 1.

It can be observed that the gvalues of two kinetic modelgz, pseudo-first order and pseudo second order are
very close to the experimentalv@lues. Pseudo-first order exhibited best fit thaaudo second order with high R
and low error values suggesting the involvemerglofsical forces in the adsorption of MCP by all dmnposites
(Fig. 3b). The nature of diffusion was evaluatedusyng intra-particle diffusion model and Boyd pldBoth the
models exhibited a good linearity indicating theignificant role and Boyd curves did not pass tm®ugh the
origin, which suggested the involvement of both diféusion mechanisms in adsorption of MCP by ZnAiyIT
composites (Fig. 3c-d).

6 7 2.5 -
2 -4
5 / ~Zn-Ag/MMT 21 ~ ~Zn-Ag/MMT
T *Zn-AgMMT/Ch  ~ | ) =Zn-Ag/MMT/Ch
g, Zn-Ag/MMT/Gg ; : \ Zn-Ag/MMT/Gg
= =Zn-Ag/MMT/PLA % 3 | ~._ —Zn-Ag/MMT/PLA
= =
=
0.9 -
2 T 0.5 T T T 1
2 3 4 5 0 50 100 150 200
In C, (mg L) t (min)
(a) (b)
300 0.8 -
550 ~Zn-Ag/MMT o6 3 ~Zn-Ag/MMT
= «7Zn-Ag/MMT/Ch ) =Zn-Ag/MMT/Ch
~200 - Zn-Ag/MMT/Gg 0.4 1 Zn-Ag/MMT/Gg
Lo ~Zn-Ag/MMT/PLA . 02 ~Zn-Ag/MMT/PLA
2150 - .
- 0
=100 A - 5
/ 029 100 200
50 0.4 1 o
0 R B e S e e -0.6 - ¢ (min)
5 6 7 8 9 10 11 12 13 14
tOAS (d)

(©)

Figure 3: (a) Freundlich isotherm model, (b) Pseudo-first order, (c) intraparticle diffusion, (d) Boyd plot of M CP adsor ption onto
composites

The experimental data obtained at different tentpeza(10 to 50 °C) were used to estimate the thdymamic
parameters of adsorption and are presented in TAblée values of enthalpy entropy were calculdtech the
slope and intercept of the plot of log@) vs 1/T (Fig. 4). The negativeG values of all the studied temperatures
suggested that the adsorption of MCP onto commositere thermodynamically feasible and spontanedhs.
positive values ofAH indicated the adsorption of MCP was endothermimature and the adsorption capacity
increased with increase in temperature. The pesitalues ofAS, further suggested that the increased randomness
at the solid and liquid interface during the adsiorpof MCP by all the composites at 30 °C. Simileend was
observed for pesticide adsorption on artificialtgpared resin [37].
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Table 1 Equilibrium isotherm and kinetic model parametersfor M CP adsor ption on nanocomposite and nanobiocomposites

Parameters Zn-Ag /IMMT  Zn-Ag /IMMT/Ch  Zn-Ag/ MMGg Zn-Ag /MMT/PLA
Isotherm Models gm (Mg g% 142.8 200.0 166.6 333.3
Langmuir K. (L mg?) 0.007 0.007 0.037 0.005
R? 0.97 0.98 0.99 0.99
APE (%) 32.8 29.0 6.64 3.85
Freundlich n 10 1.04 1.27 1.27
Ke (mg gY) 2.25 3.26 6.86 8.63
R? 0.99 0.99 0.99 0.99
APE (%) 19.3 3.53 2.04 1.64
D-R On (Mg ¢%) 126.5 177.6 156.9 258.7
E (KJ moth) 0.07 0.09 0.002 0.07
B (moP J?) 1*10* 6*10° 4*10° 8*10°
R 0.96 0.97 0.96 0.98
APE (%) 3.61 3.70 1.89 240
Kinetic models
Pseudo first order q 128.5 197.6 180 2511
Ky (min™) 0.01 0.01 0.013 0.018
R? 0.99 0.99 0.99 0.99
APE (%) 1.52 14.3 3.66 1.06
Pseudo second order . q 142.8 250 166.6 250
K, (g mg' min™) 1*10 2*10" 5*10° 5*10
R? 0.99 0.99 0.99 0.99
APE (%) 30.5 16.6 35.9 2.31
Intra-particle diffusion V 7.11 33.6 13.7 30.3
C 36.6 31.3 34.4 73.0
R? 0.99 0.99 0.99 0.99
APE (%) 34.7 39.7 2.65 2.66
+Zn-Ag/MMT

*+7Zn-Ag/MMT/Ch
Zn-Ag/MMT/Gg
=Zn-Ag/MMT/PLA

0.2

1T (K

0.0032 0.0033 0.0034 0.0035 0.0036

Figure 4: Thermodynamic studies of adsorption of MCP onto Zn-Ag/MMT composites

Table 2 Thermodynamic parameters of M CP adsor ption onto Zn-Ag/MMT nanocomposite and nanobiocomposites

Composites Temperature (K) AH® (KIJmolY)  AS° (KJ mot' K%)  AG® (KJ mol®)
283 -2.8
Zn-Ag/IMMT 293 +17.0 +0.07 -3.5
303 -4.2
283 -1.0
Zn-Ag/MMT/Ch 293 +27.3 +0.10 -2.0
303 -3.0
283 -1.7
Zn-Ag/MMT/Gg 293 +20.9 +0.08 -2.5
303 -3.3
283 -0.7
Zn-Ag/IMMT/PLA 293 +30.4 +0.11 -1.8
303 -2.9
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Spectroscopic studies

FT-IR spectra representing various functional geoapZn-Ag/MMT composites before and after MCP aton
are shown in Fig. 5a-h. Major involvement of prignafcohols (O-H stretch) was observed in case eAgMMMT
and Zn-Ag/MMT/PLA (Fig. 5e and 5h). In case of Zg/MMT/Ch and Zn-Ag/MMT/Gg, amines (N-H stretch)
were found to play a vital role in the MCP adsapti{Fig. 5f and 5g). Considerable stretches at78,912.23
837.77 and 832.46 chsuggested the presence of alkenes on all compdsiéeeby indicating the adsorption of
MCP (Fig. 5e-h). A noticeable change in transmitamvas found to be higher in case of Zn-Ag/MMT/Ph#&
compared to the other composites indicating themaarticipation of their functional groups in adstion process.
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Figure5: FT-IR analysis

AFM analysis was done to gain a deeper insight végpect to the surface properties in case of ZIMMJT/PLA
nanobiocomposite before (Fig. 6a-b) and after (Bigrd) MCP adsorption. Homogenous distribution ofAg
nanoparticles on the MMT/PLA surface was noted sstigg the homogenous surface roughness. The foss o
surface roughness was noted which was due to thhypand high surface coverage of adsorbed MCP.
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Figure6: Surfacetopology of Zn-Ag/MMT/PLA (a) before and (b) after MCP adsor ption. AFM images of 3d layer Zn-Ag/MMT/PLA
(c) beforeand (d) after M CP adsorption

The changes in elemental composition of Zn-Ag/MMIAPnanobiocomposite surface before and after MCP
adsorption were analysed using EDX (Fig. 7). Thecspm of Zn-Ag/MMT/PLA nanobiocomposite before
adsorption showed the presence of C, O, Zn, MgAdrelements on the surface (Fig. 7a). The adsonpdioMCP
was confirmed by the presence of P peak as showigirvb. A significant decrease in C, Zn and Mglpmtensity
was noted which confirmed their involvement in MEP adsorption process. From EDX spectrum, it weardhat

all the components in the nanobiocomposite playsidrificant role in the adsorption of MCP.

(l) cps/eV (b) cps/eV.
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Figure7: EDS spectra of Zn-Ag/MMT/PLA (a) before and (b) after MCP adsor ption

Desor ption and regener ation experiments

Desorption and regeneration experiments were cdaedugsing deionised water as a desorbing ageniit Eigles
of adsorption and desorption were performed intarbaode using a same composite and desorptiohedagithin
60 min. From the Fig. 8, it was observed that temaval efficiency of Zn-Ag/MMT/PLA nanobiocomposite
remains almost constant for first five cycles whsrea gradual decrease was noted for successilescyc
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Figure 8: Regeneration studies
CONCLUSION

The results of the present study showed the apijplicaf bimetallic Zn-Ag nanoparticles embeddedMMT-
biopolymer nanobiocomposites for the removal of M@#m aqueous environment. Maximum MCP removal of
was noted in case of Zn-Ag/MMT/PLA under optimizazhditions. Equilibrium sorption data exhibited esbfit to

the Freundlich isotherm model, indicating a heteramis mode of adsorption of MCP onto the compositesce.
The kinetic data indicated the involvement of pbgkiforces by intra-particle and film diffusion mex during
adsorption. Endothermic nature of the MCP adsomptias well defined by thermodynamic studies. Regaita
studies suggested that the Zn-Ag/MMT/PLA could leeised up to five cycles and could serve as potentia
remediation agent for the efficient removal of MZ&m aqueous environment.
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