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ABSTRACT

The present work researches the removal of Cu & Cd ions using mixed adsorbent prepared by blending activated
charcoal and bone charcoal in 1.1 ratio in batch studies. The batch adsorption studies have been carried out for 2
hrs considering all the 6 parameters by optimizing each of them. The effect of pH, temperature, initial metal
concentration, agitation (high speed rotation) rate, adsorbent dose and contact time were studied with respect to
reaction time until the achievement of equilibrium. The maximum removal for Cu (II) is 97.21% and Cd (Il) is
78.76% obtained at 2 hrs for pH 6. The % removal for Cu varies from 87.16 to 99.74% at an adsorbent dosage of 5
g, pH 6, initial metal ion concentration of 50 mg/l, with an agitation rate of 180 rpm, and at a temperature of 25°C.
Smilarly for Cd (l1) it varies from 70.23 to 88.4% at 5 g respectively at the same operating conditions. At a
temperature of 400C the % removal for Cu (I1) is 99.75% and for Cd (l1) it is 88%. The data obtained in the batch
study for the optimized parameters are studied through fitting of kinetic models such as Pseudo-first order and
Pseudo second order models at different optimized conditions for both Copper and Cadmium along with model
equations and Correlation / regression coefficient (R?) values. Finally it was concluded that the mixed adsorbent
prepared by blending activated charcoal and bone charcoal in 1:1 ratio can be taken as a best adsorbent for heavy
metal ion removal. These mixed adsorbent studies can be extended to various complex industrial effluents that
contains the concentration range of 100-200 ppm and can be applicable to know the interaction between various
parameters with respect to % removal in both batch and column studies.

Key words: Batch study, Activated Charcoal, Bone Charcoal,ublsdirst order model, Pseudo Second order
model, Regression Coefficient.

INTRODUCTION

Discharge of industrial waste water containing lyeanetals (Cu, Cd, Cr, Zn, Hg, As,Pb) into the eowment has
become a serious threat to the human and aquiticTlhe series of heavy metals that consists ofyned@ments
such as chromium, zinc, iron, lead and copper wbalse the environmental pollution when they exdbeit toxic
limit. Heavy metals contamination in air, water aswil is a worldwide issue created by mining anfinheg
operations, metal handling plants and waste inaiiear. Heavy metals are the centre componentsrdi'sautside
layer which are consolidated by metals and metilovith atomic density greater than 4000 kg/m3. Sarnthe
heavy metal ions are small scale supplements ¥anglicreatures, yet at higher concentration ranngs tcreate
serious health effects. The most harmful typeshesé metals in their ionic species exists in oidtlastates like
Ccd®, P, Hg?*, Ag®* and AS* in which they react with the body bio-moleculesdom extremely stable bio toxic
compounds which are difficult to dissociate. In thery recent years expanding problem about the ¢p#
poisonous metals in nature has brought about ntdot secological and environmental regulations feechanical
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and industrial applications that release the nietaking effluents. Removal of metal particles framaste water in
an effective manner has turned into a vital isf\lthough small concentration of heavy metals aredeel to all

living organisms but at high concentration of themetals can cause several diseases like neurologich
psychological effect on human body [1, 2]. In tlwionment, the heavy metals are generally morsigient and
toxic than organic contaminants such as chemied¢sased from pesticides, fertilizers and petroldynproducts,

etc. Heavy metal harming can come because of aignkiater through tainting (ex. lead channels, meicad and

industrial waste) and passes through the evolvadokdéife through food chain or high ambient aimditions near
emission sources. In natural environments thesmezies may be sorbed by soil components or sedinards
aredissolved in aquatic solution and/ or accumdlate living organisms along with crops, vegetalaed fish and
then may enter into the food chain. In this marthersorption of heavy metals on soil segments sidve relates
nearly to their portability and bioaccessibilitydaassumes a basic part in diminishing their datmerdividual and

creatures [3]. Therefore, the vicinity of particlefssubstantial metals in waste water even at loacentrations is a
huge problem to the biological community and raisemerous dangers for people and aquatic life [4-8]

1.1 Available Technologies for the removal of metalfrom waste water and their limitations

Heavy metals are of special concern because theyhan-degradable and thus persistent. Heavy mhbtale
harmful effect on the human body, physiological attter biological systems when they exceed thedokte levels
[9]. Exposure to these metals can cause liver déseabrain damage, and kidneys failure and evedetdh
ultimately. Besides chronic exposure to these coimants present even at low concentrations in thér@nment
they also proved to be harmful to the human heéltle to the above reasons the heavy metals mustrbeved
from industrial effluents [10].

Many procedures have been adopted in order to rerh@avy metals from aqueous streams, among the most
commonly used techniques are coagulation, In-s#duction process, co-precipitation, evaporatiorenubal
coagulation/flotation, flocculation, cementatioealry metal removal from biosurfacants, biosorption,exchange,
chemical precipitation, chemical oxidation and mehn, ion exchange, filtration, electrochemicatatment,
reverse osmosis (membrane technologies), evaperat¢overy and solvent extraction. These classiral
conventional techniques give rise to several problsuch as unpredictable metal ions removal andrgéon of
toxic sludge which are often difficult to de-wafgemove the contaminants) and require extreme @aduti their
disposal. Besides that most of these methods @ge kome limitations whereby they are economicélyle at
high or moderate concentrations of metals but hiuivaconcentrations, which means the dilute sohgicontaining
from 1 to 100 mg/l of dissolved metals (s). Heavgtais removed by classical techniques involve esipen
methodologies. These are due to high energy anddra reagent requirements. Some of them are exgolan brief
with their disadvantages [11].Several technologiesst for the remediation of heavy metals contateida
groundwater and soil and they have some definiteomnes such as:

» Complete or substantial destruction/ degradaticthe pollutants

« Extraction of pollutants for further treatmentdisposal

» Separation of non-contaminated materials andr treiycling from polluted materials which requirksther
treatment

» Contaminant polluted material restrict exposoréne wider environments.

There is a long series of technologies involvedhia removal of heavy metals from various typesmufustrial
waste-water and mine drainage. The conventionahheeetal ion remedial technologies have some majciinical
shortcomings. Comparing with conventional methodis, generally the adsorption and bio sorptiorhedvy
metals is a very cheap, eco-friendly and efficiemthodology. Bio-remediation processes include uke of
biomass. These are not only cheap but also do matupe any secondary chemical sludge which is theam
advantage of bio-sorption process. The biosorbants readily available and they are quite efficiémt the
remediation of heavy metals below a minimum conegion of 100 mg/l. The way of bonding between the
adsorbate and the adsorbent’s surface recognieesotts of adsorption.

EXPERIMENTAL SECTION

2.1 Adsorption

Adsorption refers to the selective collection andaentration of a particular type of molecules aored in a fluid
phase onto a solid surface. The molecules of teerhdte come from the fluid phase into the interfachere they
remain for a period of time. In a reversible pracdbe molecules go back to the phase from whiel tame or
reversibly passes into another phase while othdecutes replace them at the interface. On reacttiegsolid

surface the adsorbed molecules exchange energystritttural atoms of the surface and if sufficigmte is given

for adsorption, the adsorbed molecules and theserditoms reach thermal equilibrium. At equilibrjuhe number
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of molecules arriving at the interface in a givenet is equal to the number of molecules leavingiherface to go
into the fluid phase [12].

Molecular or atomic interactions occur at interad®etween gas and solid, gas and liquid, liquid soldtl, two
liquids and sometimes between solid phases. Irtteraat an interface causes the transition of aemdé from one
phase to another which is called as sorption ohtbéecule by the given phase. Adsorption of atommolecules
on to a solid from a fluid phase takes place wimensorbed molecules or atoms concentrated onlyeainterface.
Thus the substances contained in a fluid phasaidsts be adsorbed on a solid phase when its ctratiom in the
boundary region is higher than that in the bulktled fluid phase. The substance which is adsorbechlied
adsorbate (metal ions) and the phase of boundaighvaldsorption occurs is called adsorbent. For rqdiem to take
place on the surface of an adsorbent it should tlavdarger surface area accessible to the adsorbadferential
ability to take up the adsorbate. Large surfacasaege available from substances which are both p@mous and
finely divided. Adsorbents are usually highly posamnaterials and adsorption takes place primarilyhenwalls of
the pores or specific sites inside the particles $trface area available for some adsorbents mag bhegh as 2000
m?/g. Activated carbon, activated alumina, molecsieve and silica gel are widely used as adsorb¥vien the
adsorbent reaches its saturation capacity, therleldanaterial can be removed by the industrial o@thsuch as
displacement of adsorbate, desorption of the adserltombustion of the adsorbate decompositioradioactive
decay of the adsorbate. If the combustion of treodzhte is used in the operation it is called reaiibn and when
the displacement or desorption of adsorbate is;ukedperation is called regeneration.

All the adsorption processes are exothermic. Tred b& adsorption may be defined as the decreasbeirheat
content of the system. Adsorption on solid surfaney be classified on the basis of the magnituddefnergy of
adsorption. van der Waals or physical adsorptid@rseto a process in which energy changes aresreafl. When
the energy changes are greater the process igl callemisorption or chemical adsorption. In caseplofsical
adsorption, the adsorbate merely condenses imdfitim on the surface of the adsorbent. The fovbgh retain
the adsorbate in this state are purely physical amadcalled as vanderwaals forces (weak). Theywarg weak
molecular attractions and physically adsorbed sulzsts are loosely bound. In chemical adsorptioratisarbate is
much more strongly bound when compared to physidabrption and the intermolecular forces of atibacare
very strong. The heats of adsorption are in theesanmder of the magnitude as of the correspondirgmatal
reactions. The actual Chemical Combination occuveben the adsorbed molecule and the active cemtrthe
surface of the adsorbent. Chemisorption plays aportant role in Adsoprtion and Catalysis. In theygbal
adsorption the removal of adsorbed molecule caivdrg easy whereas in chemical adsorption the rehofva
adsorbate is very difficult. Physical adsorptiomssially instantaneous while chemical adsorptiamegally requires
activation energy and in some cases it may beritet@ous [13].

Adsorption may occur in two different ways accogilio the interactions of the adsorbent and adsenvhich are
named as physical adsorption (physisorption or gan Waals) and chemical adsorption (chemisorptidie
adsorption processes with nonspecific interactians generally referred as physisorption. In chempisun
processes, electrons are shared or transferredebetiwo phases. Since chemical bonds occur between
adsorbate and the surface of the adsorbent, nemichlecompound is formed. As a result of this, iattions are
very strong at the chemisorption processes witpeesto the physisorption processes. Also only rayss is
observed in chemisorption and it is slower than ghgsisorption process. Dispersion and short raegelsive
forces, Hydrogen-bonds and covalent bonds canvmvied in adsorption processes. In addition, if soéd or the
gas is polar in nature, there will be also elec¢#ids (columbic) forces comprising dipole-dipolépale induced
dipole interactions.

Due to the specific interactions between adsorbateadsorbent, the heat of adsorption of chemisorfg higher
than physisorption and is observed in the shorjgatlowever, there are different heat of adsorptages for
physical and chemical adsorption processes 10 t&JAfol and 40 to 800 kJ/mol, respectively. Adsiomptof
vapour on to a solid surface is a spontaneoustir@aso the overall free energy change for thegss is negative.
On the other hand, during the adsorption procéss,atlsorbing molecules lose a degree of freedomtlaeid
entropy decreases. From the thermodynamic reldtiprgiven in Equation it is obvious that fAG to be negative,
AH should be negative. So, adsorption process gisnbecomes exothermic.

AG =AH — TAS 1)

However, an endothermic trend can also be obsarvedme cases. For instance, due to the later&tiprprotein
interactions and conformational changes in the rodsbprotein, adsorption becomes endothermic [14].
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2.1.1 Physisorption

The fundamental interacting force of physisorptisncaused by weak van der Waalsforce. Even thohgh t
interaction energy is very weak (10 to 100 m e\V) ahysisorption plays an important role in adsanptsystem.
Van der Waals forces originate from the interactioretal binding tendencies between induced and gregnt or
transient electric dipoles. In contrast with cher¢ion, in which the electronic structure of bamgliatoms or
molecules is changed and covalent or ionic bondsf@med where as physisorption can only be obsenvéhe
environment of low temperature (thermal energyoatw temperature which is equal to 26 m eV) ancatisence of
the relatively strong chemisorption. In practides type of a particular adsorption as physisorptionhemisorption
depends principally on the binding energy of theoadent to the substrate or adsorbate [15]. Tleagtn by which
adsorbate molecules are attached/ bonded withdbkerlaents determines the nature of adsorption. Bibyrthe
release of energy is in the range of 8 to 25 kXndole to adsorption which is defined as physisonpgéind a much
larger energy is required for the formation of cieahbonds which leads to chemisorption.

Physisorption is due to the absence of chemicatib@md the molecule retains its gas phase electstnicture,
although some disturbances are still possible. Gihding energy depends on the polarizability andlennumber
of atoms involved of the atoms and varies betwean rhilli eV light gases and several eV for heavytateeand
large organic molecules).

2.1.2 Chemisorption

Chemisorption is a kind of adsorption which invava chemical reaction between the adsorbent sugiadethe
adsorbate. New chemical bonds are generated atifwebent surface. The strong interaction betwieeadsorbate
and the substrate (adsorbate) surface creates wpe@s tof electronic bonds [16,17]. In comparison hwit
Physisorption, Chemisorption leaves the chemicatigs of the adsorbate on surface to interact.donventionally
accepted that the energetic threshold limit seppayahe binding energy of physisorption from thatbemisorption
is equivalent to 0.5 eV per adsorbed species. Duspecificity, the nature of chemisorption can gyediffer,
depending up on the chemical identity and the sarfgructure of the adsorbent [30]. In Chemisomptibere is
stronger perturbation of the molecular electrotiocture with formation of chemical bonds alonghntihe substrate
molecules and the energies typically are of sewaval

2.2 Model equation for batch studies

In order to research the system of adsorption avténpial rate controlling steps, for example, tpors and
chemical reaction phenomena, dynamic models alieadtito test the obtained data. The kinetic modwlserporate
the pseudo-first order mathematical statement aedgn-second order equation.

2.2.1 Pseudo First order equation

Considering the reversible binding of metal ionshwthe adsorption on active sites present on bisfredsorbent
surface, the rate of adsorption is directly projposl to the number of vacant sites [18, 19]. Theyglo-first order
equation is represented by Equation 2 which isesg®d in non-linear form as

= ks (G ) 2)

Where ¢ and qare the adsorption capacity at equilibrium andiraett, respectively (mg/g) and, ks the rate
constant of pseudo first order equation (firntegrating the above equation and applyingbiendary conditions
fromt=0tot=t, andg O to q= q, the integrated form becomes

log (G- &) = log (&) -5 =(3)

Eq. 3 is applicable to experimental results butegally differs from a true first order equationtimo ways: (i) The
parameter Kge-q;) does not represent the number of available sites(ii) the parameter log{qgis an adjustable
parameter and often it is found not equal to theraept of a plot between logefq) vs t, whereas in a true first
order log(qQ) should be equal to the intercept for the plotlagf (q.-q;) against t. In order to fit the equation to
experimental data, the equilibrium adsorption cépag, must be known. In many casesig unknown and as
chemisorption tends to become un-measurably sleevamount sorbed is still significantly smallerrnththat of the
equilibrium uptake capacity [34]. In most caseshe literature, pseudo first-order equation of Lrggen does not
well fit for the whole range of contact time andgenerally applicable over the initial 20 to 30 otes of the
adsorption process.
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2.2.2 Pseudo Second order equation
In this model it is assumed that adsorption/ bigdif metal ion/ adsorbate on the adsorbent suifaoeediated by
chemical forces rather than physical forces ofation. Non-linear form of the model is given as

S0t= Ky (G ) %4)

Upon integration with boundary conditions frogxd att =0, q =@t t = t, the above equation (Eq. 4) reduces to
t 1 t

w e T2
Where ¢ and g are the adsorption capacities at equilibrium antinee t, respectively (mg/g) and ks the rate
constant of pseudo second order equation (g/mg.mirplot of t/q vs t for the equation holds a straight line
relationship and the parametegsagd k can be determined from the slope and intercept.

2.30ptimized Parameters of the batch study
The optimized parameters of the batch study areimdd with respect to higher % removal on y-axigeaction
time on x-axis and are tabulated as follows in &dbl

Table 1 Optimized parameters of the batch study

Parameters Optimized value
pH 6
Temperature 4T
Metal lon concentratior] 100 ppm
Adsorbent dosage 59
Agitation rate 180 rpm
Contact time 120 min

RESULTS AND DISCUSSION

3.1 Kinetic Modeling of Batch studies

The Kinetic models include the Pseudo- first ordguation and Pseudo-second order equation. Thal®$erst
order and Second order modeling has been carriedooboth the metals at the optimized conditioriseach
parameter in the batch study (pH 6, T = 40 °CjdhMetal ion Concentration of 100 ppm and adsothissage of

50).

3.1.1 Pseudo First order equation

In order to fit the equation to experimental dat®, equilibrium adsorption capacity mpust be known as discussed
in Section 2.2.1; In many casesis| unknown and as chemisorption tends to becomesumally slow, but the
amount adsorbed is still significantly smaller thhat of the equilibrium uptake capacity [34]. lmshcases in the
literature, the Pseudo First-order equation of kggn does not well fit for the whole range of @mtttime and is
generally applicable over the initial 20 to 30 ntgsiof the adsorption process. A plot of logdd against time was
plotted for the obtained data at the optimized patars for pH = 6, T = 40 °C and initial metal imoncentration of
100 ppm for both the metal ions to find the CotielaCoefficient or Coefficient of Regression?Rvhich holds a
straight line relationship and the parameterangl kcan be determined from the intercept and slopeertisely.
The slope and intercept values are shown in TakdedB4 for both the metals (Cu and Cd respectivatybhe
optimized conditions.

It can be concluded that the Coefficient of Regoes$R?) values are close to 1 in case of Cu (Il) at aoksoir
dosage of 5 g and Temperature of 40°C which indic#lhat the adsorption systems follow the pseudt dirder
equation for copper when compared to cadmium aasho Table 2 and 3. The tabular column also gihesdata
about the first order rate constantik min* and g in mg/g obtained theoretically from the slope amigrcept
respectively from the Figs 1 to 8. It can be codehl that the data fits well for Cu (ll) than Cd) (because of
closely higher Rvalues of 1 in case of copper.
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Figure 2: Pseudo first order equation at T= 40 °Cdr Cd

Table 2: Pseudo First order model equation for Cul() at optimized conditions

PFOE conditions Model Equation k (min™) R? e (Mg/g)
pH 6 y =-0.0146x + 0.074 0.0336 0.8192 1.2
T=40C y =-0.0147x + 0.51 0.0338 0.88p 3.23
MIC= 100 ppm y =-0.0113x -0.19 0.026 0.6064 0.64
Adsorbent dosage 5 y =-0.0138x — 1.21 0.0318 709 0.06
Table 3: Pseudo First order model equation for Cdl() at optimized conditions
PFOE conditions Model Equation k(min) | R® | ge(mglg)
pH 6 y = -0.0074x + 0.027§ 0.017 0.863 1.9
T=40C y =-0.019x + 0.578 0.044 0.835 3.8
MIC= 100 ppm y =-0.0184x +0.7§ 0.042 0.895 5.73
Adsorbent dosage 5 y =-0.0286x — 0.6¥9 0.066 208 0.21
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Figure 5: Pseudo first order equation for Cu (Il) & pH 6
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Figure 8: Pseudo first order equation at 5 g of adgbent dosage for Cu (I1)

3.2Pseudo Second order equation
In this model, it is assumed that adsorption/bigdifi metal particle/adsorbate on the adsorbentisarfs mediated
by chemical forces instead of physical forces. Noear type of the model is described earlier in.2e2.2

A plot of t/q vs t at differentnt optimized conditions of pH 6=T40 °C and Initial Metal lon concentration of 100
ppm for both the metal ions to find the Correlatoefficient or Coefficient of Regression3jRhat determines the
best fit equation relationship and the parametgesd k can be determined from the slope and intercep.sltpe
and intercept values are shown in table 4 and bdth the metals Cd and Cu at the optimized cabti

It can be concluded that the Coefficient of Reges$R’) values are close to 1 in case of Cu (Il) and [T)dat
adsorbent dosage of 5g and temperature of 40 °C6 @fd initial metal ion concentration of 100 pprhiat
indicates that the adsorption system follows thegeesecond order equation for both cadmium and eogs
shown in Tables 5 and 6 respectively). Second oraler constantdn (gmg'min™) and adsorption capacityii
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mg/g which are obtained theoretically from the sl@nd intercept of the plots (Figs. 9 to 16) as® ahown in
Tables 4 and 5.

1 I I I I 1 1

— g.min/mg
|

5 |
° e Experimental data
. ——0.13 -z + 1.23 R?=0.97
0t ] ] ] I I I 1 ]
0 20 40 60 20 100 120
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Figure 9: Pseudo Second order equation at pH 6 fazd (Il)

e Experimental data
. —0.11 - + 0.69 R?*<0.99

0 20 40 60 20 100 120
Time (min)

Figure 10: Pseudo Second order equation at T= 40%0@r Cd (Il)

10
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Figure 12: Pseudo Second order equation for Cd (llat 5g dosage

Table 4: Pseudo second order equation at differertdsorbent conditions for Cd (I1)

PSOE conditions Model Equation k(gmg'min!) | R*> | g.(mgl/g)
pH 6 y =0.1342 x + 1.2341] 0.0146 0.97 7.45
T =40C y =0.1111 x + 0.6903 0.018 0.995 9
MIC= 100 ppm y =0.0606 x + 0.257]1 0.0143 0.999 516
Adsorbent dosage 5 y =1.0808 x + 1.7903 0.652 999 0.925

Table 5: Pseudo second order equation at differertdsorbent conditions for Cu (l1)

PSOE conditions Model Equation k(gmg'min!) | R® | ge(mgl/g)
pH 6 y =0.103 x + 0.218 0.0486 0.999 9.7
T=40C y = 0.098 x + 0.5086 0.019 0.998 10.2
MIC= 100 ppm y =0.055 x +0.099 0.03 0.999 18.18
Adsorbent dosage 59 y=1.001x +0.9317 1.075 909 1.01

11
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Figure 15: Pseudo Second order equation a®@ ppm for Cu (I1)
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Figure 16: Pseudo Second order equation at 5 g f@u (Il)

CONCLUSION

The conclusions from the batch study give the hsglé removal of metal ions with respect to timeptimized
parameters.

pH 6

Adsorbent dosage of 5g
IMC of 50 ppm
Temperature of 4T
Contact time of 120 min
Agitation rate of 180rpm

« Pseudo First order equation (PFOE) fits for CdgHyl Cd (I1) with higher Rvalues close to 1
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« Pseudo Second order equation (PSOE) fits for Guagidl Cd (11) with higher Rvalues close to 1

It was concluded that the Coefficient of Regres&dnalues are close to 1 indicating that the adsongiystem fits
equally well to the pseudo first order equationtfoth the metals Cu (II) and Cd (I1). In case afa@ order system
the Coefficient of Regressiorf Ralues are very close to 1 indicating that theogation systems follows the second
order kinetics for the Cu (ll) and Cd (II) metah. domparison of both the models, the Pseudo seowatet kinetics
follows a better fit for both Cu (I1) and Cd (Il)ith higher R values that are very close to 1. It has been shban
mixed adsorbent appears to be technically feasilille high efficiency and removing capability of raktions.
Therefore adsorption can be recommended to usbdaemoval of other heavy metal ions from comphebustrial
effluents.

Future scope of research

» The adsorption studies can be extended to varialisstrial effluents containing complex heavy metals

» The studies can also extended to the heavy metads than Cu(ll) and Cd(ll) and to find the varicaystimized
parameters for other heavy metals.

» Development of improved/modified Mathematical madel

» Factorial Design methodology can be studied toaktiee interaction between the parameters with the#foval
of metal ions

» Application of Response Surface methodology motielnd the interaction of heavy metals and theeceld
adsorbent.
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