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ABSTRACT

A study on the adsor ption of copper from aqueous solutions on bentonite has been carried out with an aimto obtain
information on treating effluents from metal finishing industries. The effect of various experimental parameters like
contact time; dosage of bentonite; initial concentration of metal ions; pH etc. The percentage removal of metal ions
increased with the decrease in initial concentration and increase in contact time, dosage of adsorbent and initial
pH. Adsorption data were modeled with the Freundlich and Langmuir adsorption isotherms, various first order
kinetic equations viz. Lagergren, Natarajan-Khalaf and Bhattacharya and Venkobachar equations and intra particle
diffusion model. These isotherms, first order equations and models were found to be applicable. The kinetics of
adsorption is found to be first order with intra particle diffusion as the rate determining step. Removal of metal ions
using bentonite is found to be favorable and hence it could be used as an adsorbent for the treatment of effluents
from metal finishing industries, especially for the removal of metal ions.
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INTRODUCTION

Pollution by heavy metals is one of the most serienvironmental problems facing life of earth. Heawetals are
stable and persistent environmental contaminanteghey cannot be degraded or destroyed. For deasipdge
contamination by heavy metals is one of the senmoblems encountered in the use of sewage slusigenatural
fertilizer. Excessive levels of metals in the marenvironment can affect marine bio-systems ane osgsk to
human consumers’ seafood. For this reason, thecotradion of heavy metals in waste water and dnigkiiater as
water used for agriculture must be reduced to thgimum permissible concentration [1]. Current temlbgies for
the removal of heavy metal ions include adsorptioto activated carbons and biosorbents, chemieligitation,
ion exchange, electrochemical re- moval, and mengtachniques carried out in several studies [2A@%orption
is the method most often applied using activatethara or ion-exchange resin. However, as shown énstiudy
presented by Pollard et al. [7], the relatively himpst preparation and regeneration of activatetbors has
encouraged many researchers to examine the fégsifilsing other low-cost adsorbents such asllokegs.

Natural clays were tested for the removal of heaegal ions by several researchers because ofltweicost and
availability [8-11]. One such clay is bentonite,igfhexists in most continents of the world. Bentergxhibits an
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enormous surface area when it is hydrated in wdteconsists of numerous microscopic plateletsheaith
negative charges on flat surfaces and positivegelsaon edges. Hydration causes these plateleeptrate into a
porous structure containing both positive and riegatharges. It is known that the ionic charge #re porous
structure give bentonite the ability to adsorb tiweins [9]. Numerous researches have been condactetatural
bentonite to examine its potential for the remooflheavy metal ions. The use of untreated bentdoitethe
removal of various heavy metals from their aquesaisitions was examined and it was found that al tketals
tested exhibited maximum adsorption af 20[10]. It is found that natural bentonite coule bsed effectively for
the removal of zinc ions from aqueous solutiond.[The adsorption of toxic heavy metal cations,hsas Cu(ll),
Cd(ll), and Pb(ll), on red mud was investigated Ayak et al. [12]. They calculated the related apon
parameters at fixed pHs of 5.0 and 5.5 and fouatlttite adsorption intensity and surface bindingstam of Cu(ll)
were the highest among the studied materials. Agt@mn of 85% of Cu(ll) ions could be removed fraqueous
solutions by adsorption onto natural bentonitethB8®8 in a study by Rauf et al.[13].

In the adsorption process, an important problemegeneration of adsorbent. Generally, thermal ameinical
methods are commonly used for regeneration of aésdr but even Breitbach and Bathen [Itpsented
disadvantages for these methods. The objectivdhefpresent study was to investigate theefficiencyocally
available silica/alumina-based bentonite as arorbest for the removal of cadmium and zinc fromfedi#nt
aqueous—acidic solutions. In addition the effeatltisound power on desorption was investigated.

The goals of the present work were to: (a) inveséighe ability of bentonite to remove ‘€from wastewater; (b)
study the influence of specific process parametecs as, initial concentration, pH, contact timd adsorbent dose
for the maximum removal of copper from its aquesobutions/wastewater were optimized ; (c) deterntime
kinetic equation best describing data obtained #ndind the activation energy, important for theagtical
application of bentonite in wastewater treatment} &) determine the adsorption equation which testribes the
equilibrium uptake and to calculate thermodynamiarameters AG°, AH° and AS®°) for the practical
implementation of bentonite technology.

MATERIALSAND METHODS

Materials

The bentonite used as the adsorbent in the pretay was supplied from Nice Chemical limited, GoHt was
crushed, ground, and washed with distilled wateretnove dirt and other water-soluble impuritiese rain size
was mostly £94%) less than 200 mesh (75 um). The chemical sisabf bentonite was carried out by X-ray
fluorescence, XRF (ARL 9800 XP), and the resulesgiven in Table 1.

All experimental solutions were prepared using otuble distilled water. All the chemicals employied the
analysis were AnalaR grade.

Procedure:

The adsorption experiments were carried out byrbamguilibrium method. A stock solution of the adsue
containing 1000 mg/l of copper (II) ions was pregghusing CuSE©5H,0. From the stock solution, aliquots
containing different concentrations of Cu(ll) iomere measured out into separate screw top flaskample
adsorbate of each concentration (50 mL) was mixid ¥ mg of bentonite and the mixtures were agitatn a
mechanical shaker at 150 rpm. Samples were takematntervals for the analysis of residual metahcentration
in solution. The adsorbate-metal mixture was fdtefor analysis of unadsorbed metal ions in thetum@ Analysis
was made by using Toshvin (Model-6200) atomic gitsom spectrophotometer with air-acetylene flame.

Metal uptake (g was calculated using the following equation (1):

_ (CO _Ce )V

i)
% = oo @

The amount adsorbed was calculated using the follpequation (2):
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100(C,-Ce)
Percentageremoval = —————

2

where g (mg.g') is the amount of total adsorbed heavy metal iGggmg.L™") the initial metal concentration,.C
(mg.g") the equilibrium metal concentration in solutiensiolution at time, V(L) the solution volume and W(g) is
the adsorbent weight.

Adsorption experiments were conducted at pH 4. Was because of the formation of copper hydroxideigher
pH range with sodium hydroxide which was addeddjuist the pH of the acidic copper solution. Theakpents
were repeated at four different temperature vi&, 3D3, 313 and 323 K to determine the effect ofperature on
the sorptive behavior of bentonite. All experimewtre done in a thermostat with a shaker attachaklice make)
which maintained temperature withir0.1°C.

Control samples were prepared from the biomasssfegion for testing metal losses due to metatipitation and
adsorption of bottle surface. All experiments were at least in duplicate. Adsorbed metal concéntia were the
means of the duplicate experimental results.

RESULTSAND DISCUSSION

Effect of adsorbent dosage

The results of the adsorption experiments usinig@int dosages viz. 02; 04; 0.5; 0.8; 0.9; 1; 2.5; 5; 10 and 12.5
mg/L of bentonite and 63.08 mg/l of copper wereiedrout. Figure 1 shows the behavior of activatearcoal with
increasing adsorbent dosage. It was observed hika¢ is a sharp increase in percentage removal adisorbent
dosage. It is apparent that the percentage renud\@pper increases with increase in the dose sérbént due to
the increased availability of the active sites/acef area for the adsorption of the copper. Wheraasower
adsorbent dosage the number of copper moleculesrelasvely higher, compared to availability of adstion
sites/surface [15].Further, the rate of adsorptoes not register a proportionate increase ashgeexperimental
results. In view of this observation, it was dedide conveniently fix the dosage of bentonite asnif for the
remaining experiments. The values of lpgs log (dosage) were found to be linear and héheey value varies
with dose according to the equation.

0. = (dosage)" + C 3)

The value of n for the copper was calculated td®@ (r = - 0.9788). The plot of log (percentage ogat) vs log
(dosage) were also found to be linear with r-valciese to unity. This suggests that the adsorbegpenion may
either block the access to the internal pores obed adsorbent particle to be aggregate and theeeliging the
availability of active sites for adsorption [15-16]

Effect of contact time

Contact time required for the maximum removal gfmer by bentonite is shown in Figure 2.There igziacrease
in the adsorption in the initial stages of the tieacas seen in the curve [17]. Maximum adsorptiocurs at the 70
minute after which the adsorption remains uniforepresented by attainment of equilibrium. The an@ficopper
adsorbed at this point is the maximum under thdquéar operating conditions. The time variatiomalis smooth
and continuous and this indicates the formatiomoholayer coverage on the outer interface of trsoidmbnt [18-
20].

Effect of pH

The pH of the adsorption solution is one of the triogportant parameters controlling the uptake gfpesr from

aqueous solutions/wastewater by adsorbent. Theepge adsorption increases with pH to attain maxirat pH

3 to 4 and thereatfter, it increases with furtheréase in pH. The maximum removal of copper at $Mas found
to be 84% for activated charcoal. Similar obseorativas reported by Kannan et al. [15].The resu#tarty indicate
both the surface charge density of the adsorbemtcharge of copper ions present depends on thévjareover,

differences in extent of adsorption are also assediwith the chemical state of the copper in tisogptive state.
As observed subsequently, it determines the adsergpecies relevant to the adsorption process.Cfigions in

aqueous solution may undergo hydration, hydrolgsid polymerization [21].
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Cu"? + nH,0 = Cu (HON"?
Cu (HOn** = Cu® (H,0)"(OH)" + H"
n Cu? + mH,0 = Cy(OH) 2™ * +m H'

Lower pH results in the protonation of the adsottmmface, which leads to the extensive repulsib&uw? ions.
This results in a decrease in copper adsorptiotth Wtrease in pH from 2 to 4.0 the Cu exists afOEl), in the
medium and surface protonation of adsorbent ismim, leading to the enhancement of Ylans adsorption.

Adsor ption isotherms

In order to determine the adsorption capacity asteéntial for selecting the adsorbent for the renho¥anetal ions,
the study of adsorption isotherm is essential iacsimg the adsorbent for the removal of metal idrfse adsorption
data obtained were analyzed in the light of Langraod Freundlich isotherms [21].

Freundlich isotherm
Batch isotherm data fitted to the linear form af #reundlich isotherm according to equation (4pHdsws:

log g. = log K +1 log G 4)
n

Where @ is the maount of copper sorbed per unit weightthef sorbent (mg/g) and ds the equilibrium
concentration (mg/l) of Cu(ll) in solution. The 6f the data imply that the intercept ,K, is royghh indicator of

1
the sorption capacity and the slope, of the sorption intensity, the constants incogpiog all the factors affecting
n

1
the adsorption process. Values of K ardare calculated from the graph and the data arédded in Table 2.The
n

linearity of the plots (r=0.9663,0.9875 and 0.978&b6}lifferent temperatures is evident from Figureh® supports
the applicability of the Freundlich adsorption tsetm indicating that the adsorption by activatedrcbal may be
governed by physisorption. The valuesdbr this system were calculated from the slophef ¢urve and are found
to be between 1 and 2. Our findings are in gooéexgent with the findings of Treybal [22] who matlaicelly
evaluated values of for a number of mass transfer operations of systend reported that values mbetween 1
and 10 would represent beneficial adsorption.

Langmuir isotherm
The linear equation of the Langmuir isotherm wagliag in the form of equation (5) as follows:

C._1  C,
e ©)
Qb Q

where Q and b are the Langmuir constants, indigatasorption capacity and energy of adsorptioneasgely. G

C
and g have their usual significance. The values forglt — versus Gfor the adsorption by activated charcoal

Qe

at different temperature were calculated and ptegen Table 3.The linear plot (r= 0.9987,0.9939936) of &

e
versus G at different temperature is given in Figure 4 dnalt indicate the applicability of Langmuir adsaopt
isotherm to the adsorption process. This is dubddact that after the formation of monoionic lapé metal ions
on the surface of adsorbent at lower concentratiamg further formation of layer of metal ions igtily hindered at
higher concentration due to the interaction betwiermetal ions on the surface of the adsorbeniratite bulk of
the solution [23, 24].The metal ions normally formssurface layer, which is only one molecule thittigt is
monolayer on the surface of the adsorbent [28]theuy the essential characteristics of the Langrisotherm can
be described by a separation factar, Which is defined by the following equation (6B8f25].
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1
1+bC,

R = (©)

where, G is the optimum initial concentration (ppm) of nmetans andb is the Langmuir constant. The value of
separation factor Rindicates the shape of the isotherms and natueglsdrption i.e. the adsorption is favorable or
not, as per the criteria given subsequently [23].

R, value | Nature of the procegs
R >1 Unfavorable

R =1 Linear

0<R<1 | Favorable

R, =0 Irreversible

The values of Langmuir constatend R are presented in Table 3.SincevRlues lie between 0 and 1 for all three
temperature studied, it is seen that the adsorpfi@opper is favorable [25].

Equilibrium parameter

The plots of In gC, versus g of the reactions are given in Figure 5. The efriiim constant Kfor the sorption
reaction was determined from the plot WGy versus g and extrapolating to zero. An increase onvidlue with
temperature indicates that the adsorption processpper (ll) by activated charcoal is endotherniibe effect of
increase in temperature on the adsorption of cofibeat the charcoal-solution interface has beemied in the
temperature range of 293-313 K. A plot of ¥ 1/T is found to be linear as shown in Figurald? andAS°® are
determined from the slops and intercepts of thé [@6].The negative values of the standard freeggnehange
(AG®) for this reaction suggests that the sorptive neatsi spontaneous. The positive valueAdf® (3.32 KJ/mol)
indicates that the process of adsorption is endaticeand irreversible, probably due to nonpolaeiattions [27]
the positive value of entropy changeSt = 2.19 J/K/mol) suggests a high degree of disdirdess at the solid-
solution interface during the adsorption processogiper (1) by activated charcoal. It also refiettte affinity of the
adsorbent for copper (II) and suggests some staictthanges in adsorbate and adsorbent. Enhancewnfient
adsorption capacity of activated charcoal at higbemperatures may be attributed to the enlargemietite pore
size and /or activation of the adsorbent surfackiacrease in the mobility of the metal ions.

Kinetics of adsorption
The kinetics of adsorption of metal ions has beedisd by applying the following first order kinetequations
[10].

Natarajan-Khalaf equation:
C K
log = |=| ——1t 7
g(ctj (2303j )
Lagergren equation;

log (d, - ) =log q, —[%Jt ®

Bhattacharya and Venkobachar equation:

log [L-u(t)] = - (%Jt ©

where u(t) = [(€ - Q) /(G - G)]; Ci, G and G are the concentration of metal ions (in ppm) at ithitial time,
equilibrium time and at timg in min. , K is the first-order rate constant fmsorption (miff); ge and q are the
amount adsorbed at equilibrium time and timen min. The values of (i) log () (i) log (g-q;) and (iii) log [1-
u(t)] were correlated with time (in min.). The vetuof first order rate constant along with r-valaes given in
Table 4. All the linear correlations are found ® diatistically significant at 95% confidence lewglich indicates
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the applicability of these first order kinetic etjoas. The adsorption process of metal ions orvatetd charcoal is
found to be first order. The values of rate coris(ii calculated from Bhattacharya and Venkobadawration for
copper (II) and lead (Il) ions are found to be &mio that of the K values calculated from Lagergequation
(Table 4). Therefore in future any one of theset@equation can be employed to calculate theaerstant for the
adsorption process of metal ions.

Intra-particle diffusion model

The metal ions are most probably transferred froenulk of the solution to the solid phase througha-particle
diffusion /transportation process, which is oftee tate limiting step, in many adsorption procespecially in a
rapidly stirred batch reactor [27-32]. The pos#ipibf intra-particle diffusion was explored by ngi the intra-
particle diffusion model [23-28].

g + Kt'2+ C (10)

where g is the amount adsorbed (in mg/gm) at time ,t; thésintercept and Kis the intra-particle diffusion rate
constant (in mg/gm/mfiY). The K, values are calculated by correlation analysis thedcorrelations are found to
be statistically significant at 95% confidence levEhe results indicate the possibility of the mmese of intra-
particle diffusion process [29-30] as the rate deieing step. The intra-particle diffusion ploteahown in Figure
10.the values of intercept (C) give an idea ablettoundary layer thickness, that is the largeirttexcept , greater
is the boundary layer effect [29-30].The first, ghaortion of the curve corresponds to the extesafface
adsorption stage or instantaneous adsorption sfge.second, less- sloping linear portion indicdtes gradual
adsorption stage and final portion represents gjodiBrium stage. In this model, the activated cioat is treated as
being surrounded by a boundary layer film througg metal ions must diffuse prior to adsorption loa activated
charcoal. The second portion of the figures indisahe intraparticle diffusion, which is predomihamthe rate-
controlling step where diffusive transport occuteotigh the internal pores of the activated charcaslthe bulk
and surface metal concentrations start to decreheethird section of the figures shows decreasthénrate of
diffusion reaching a point of equilibrium [31].

Table 1 XRF Chemical Analysisof Bentonite

Constituent Weight Percentage | Constituent | Weight Per centage
SiO, 45.47 CaO 6.00
FeOs 8.23 MgO 4.06
K20 2.50 AbOs 17.50

Loss on ignition 11.96 N® 4.04

Table 2 Value of Freundlich isotherm constant for adsor ption of copper for activated charcoal

Freundlich Paramete|
Temperature (K) K 1 r
n
298 0.8446 11.54 0.96683
303 0.3749 11.13 0.987p
313 0.3479 9.78 0.9769

Table 3 Valuesof Langmuir constantsfor adsorption of copper for activated charcoal

Temperature (k Langmuir constal
b (L.mc®™ | gma (Mg.ch ' R
298 0.8446 11.54 0.998F 0.04%2
303 0.3749 11.13 0.993p 0.0964
313 0.3479 9.78 0.9936 0.1031

Table 4 Kinetics and Dynamics of adsor ption of Copper by activated Char coal:

Kinetic models r (correlation coefficient k
Natrajan-Khalaf 0.9868 0.0052(1
Lagergre! 0.992: 0.045:
Bhattacharya and Venkobachgr 0.9899 0.01025
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Figure 1 Effect of adsorbent dosage on per centage removal of copper
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Figure 2 Effect of Contact Time
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Figure3 Plot of C.vsq, at different temperatues of copper for bentonite
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Figure 4 Langmuir isotherm
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log (C/C)

Figure 7 Natrajan-K halaf kinetic model of copper for bentonite
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Figure 8 Lagergren kinetic model of copper for bentonite
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Figure 9 Bhattacharya and Venkobachar kinetic model of copper for
bentonite

y =0.023x + 0.016
R2=0.989

= N
N o

o )
o U o

0 20 40 60 80
Time (min.)

100

Pelagia Research Library

79



Mahendrasinh M. Rgj et al Der Chemica Sinica, 2014, 5(2):71-81

Figure 10 Plot of intra particle diffusion model of copper for bentonite
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CONCLUSION

The conclusions derived from the present studies ar

1.The percentage removal of metal ions increase aétirease in initial concentration and increaseointact time,
dosage of adsorbent and initial pH of the solution.

2.The adsorption data obeyed the Langmuir and Framdotherms and indicate the formation of uninsalar
layer of adsorbates.

3.The adsorption process obeys various first ordeetld equations. Therefore, it is first order wiitberaparticle
diffusion as the rate determining step.

4.Bentonite could be used as and adsorbent for theeef treatment, especially for the removal of ahétns.
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