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Abstract : The influence of process parameters like pH,agitation rate, adsorbent dosage, metal
ion concentration, External temperature and contact time played an important role in the
adsorption of Copper and Iron on orange peel adsorbent. The equilibrium adsorption capacity
of orange peel for Copper and Iron is examined by various models like isotherm modelling,
Kinetic modelling and thermodynamic modelling studies. The results proved that the
biosorption capacity of orange peel for Copper and Iron was endothermic, efficient, and very
rapid in nature. Various standard isotherm models like Langmuir, Freundlich, Temkin models
were studied along with kinetic models like Pseudo First order, Pseudo second order models.
Linear regression has been carried out for both Cu (II) and Fe (II) using Analysis of Variance
ANNOVA.The maximum adsorption capacities were observed at 6 pH for copper and 5 pH for
iron.The Isothermal modelling studies for both Cu (II) and Fe (II) have been studied using
Langmuir and Freundlich adsorption isotherms which are used to evaluate the adsorption
behaviour with higher values of correlation / regression coefficients (R2) ranges from 0.9 to
0.99.Various models like Temkin, Dubinin Radushkevich (DR), Intraparticle, Pseudo fist order
and Pseudo second order models were verified successfully with higher R2 values for both the
metals.  Linear  Regression  analysis  for  both  Cu  (II)  and  Fe  (II)  showed  that  the  %  removal
depends upon mainly 3 parameters namely pH (P), Biomass/ adsorbent dosage (B) and Contact
time (C).
Key words : Langmuir, Freundlich, Temkin, Pseudo First order, Pseudo second order models,
Analysis of Variance, Temkin model, Dubinin Radushkevich (DR) Isotherm model,
Intraparticle diffusion model, pH, Biomass dosage, Contact time.

1. Introduction

Discharge of industrial waste water containing heavy metals (Cu, Cd, Cr, Zn, Hg, As,Pb) into the
environment has become a serious threat to the human and aquatic life. The series of heavy metals that consists
of many elements such as chromium, zinc, iron, lead and copper which cause the environmental pollution when
they exceed their toxic limit. Heavy metals contamination in air, water and soil is a worldwide issue created by
mining and refining operations, metal handling plants and waste incineration. Heavy metals are the centre
components of earth’s outside layer which are consolidated by metals and metalloids with atomic density
greater than 4000 kg/m3. Some of the heavy metal ions are small scale supplements for living creatures, yet at
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higher concentration range they create serious health effects. The most harmful types of these metals in their
ionic species exists in oxidation states like Cd2+, Pb2+, Hg2+, Ag2+ and As3+ in which they react with the body
bio-molecules to form extremely stable bio toxic compounds which are difficult to dissociate. In the very recent
years expanding problem about the impact of poisonous metals in nature has brought about more strict
ecological and environmental regulations for mechanical and industrial applications that release the metal
bearing effluents. Removal of metal particles from waste water in an effective manner has turned into a vital
issue. Although small concentration of heavy metals are needed to all living organisms but at high
concentration of these metals can cause several diseases like neurological and psychological effect on human
body [1, 2]. In the environment, the heavy metals are generally more persistent and toxic than organic
contaminants such as chemicals released from pesticides, fertilizers and petroleum by products, etc. Heavy
metal harming can come because of drinking water through tainting (ex. lead channels, mechanical and
industrial waste) and passes through the evolved way of life through food chain or high ambient air conditions
near emission sources. In natural environments these elements may be sorbed by soil components or sediments
and aredissolved in aquatic solution and/ or accumulated by living organisms along with crops, vegetables and
fish and then may enter into the food chain. In this manner the sorption of heavy metals on soil segments or
residue relates nearly to their portability and bio accessibility and assumes a basic part in diminishing their
danger to individual and creatures [3]. Therefore, the vicinity of particles of substantial metals in waste water
even at low concentrations is a huge problem to the biological community and raises numerous dangers for
people and aquatic life [4–8].

1.1Available Technologies for the removal of metals from waste water

Heavy metals are of special concern because they are non-degradable and thus persistent. Heavy metals
have harmful effect on the human body, physiological and other biological systems when they exceed the
tolerance levels [9-11]. Exposure to these metals can cause liver diseases, brain damage, and kidneys failure
and even to death ultimately. Besides chronic exposure to these contaminants present even at low
concentrations in the environment they also proved to be harmful to the human health. Due to the above reasons
the heavy metals must be removed from industrial effluents [12].

Many procedures have been adopted in order to remove heavy metals from aqueous streams, among the
most commonly used techniques are coagulation, In-situ reduction process, co-precipitation, evaporation,
chemical coagulation/flotation, flocculation, cementation, heavy metal removal from biosurfacants, biosorption,
ion exchange, chemical precipitation, chemical oxidation and reduction, ion exchange, filtration,
electrochemical treatment, reverse osmosis (membrane technologies), evaporative recovery and solvent
extraction [13]. These classical or conventional techniques give rise to several problems such as unpredictable
metal ions removal and generation of toxic sludge which are often difficult to de-water (remove the
contaminants) and require extreme caution in their disposal. Besides that most of these methods also have some
limitations whereby they are economically viable at high or moderate concentrations of metals but not at low
concentrations, which means the dilute solutions containing from 1 to 100 mg/l of dissolved metals (s). Heavy
metals removed by classical techniques involve expensive methodologies. These are due to high energy and
frequent reagent requirements. Some of them are explained in brief with their disadvantages [14-15].

Several technologies exist for the remediation of heavy metals contaminated ground water and soil and
they have some definite outcomes such as:

· Complete or substantial destruction/ degradation of the pollutants
· Extraction of pollutants for further treatment or disposal
· Separation of non-contaminated materials and their recycling from polluted materials which requires further

treatment
· Contaminant polluted material restrict exposure to the wider environments.

2. Materials and Methods

2.1 Chemicals used

All the chemicals used in this experiment were in their pure form. The stock solutionof Cu(II) was
prepared in laboratory by dissolving 1 gram of copper salt in 1000 ml ofdeionized water. The same stock
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solution is used for various experimental runs. The pHvalue of the solution is adjusted by the addition on 0.1N
HCl and 0.1 N NaOH solutions.

2.1.1 Preparation of Adsorbent by chemical treatment

The orange peel was collected from the local juice shops of Dehradun and then it iswashed thoroughly
by tap water and followed by rinsing with deionized water. Thenthe peel was treated with 0.1 N HNO3 solution
for the protonation purpose for 5 hours.Then the peel was dried in sunlight for 5 days and followed by drying in
oven at 105oCfor 3 hours to remove the moisture completely. Thus in the last stage the peel was crushed,
ground and passed through 1 mm sieve to get uniform sized adsorbent.

2.1.2 Instruments used for Adsorbent / biosorbent characterization

A standard pH meter was used for the adjustment of pH of the simulated metal ionsolution. After the
adsorption process the final concentration of the solution was measured by standard Atomic Absorption
Spectroscope (AAS) equipment.

2.1.3Batch mode operation

Various batch mode studies were conducted by preparing 100 ml of solution usingsimulated water
stock solution of suitable concentration in a 250 ml conical flask. The pHof the solution was adjusted by adding
0.1N NaOH and 0.1 N HCl solutions. Various metal ion solutions of 10-60 ppm were selected and pH was
varied from 3 to 8.The rotational speed was varied from 90 rpm to 180 rpm. The adsorbent dosage varied from
0.25 to 1.5 grams in every run. Each conical flask was rotated for about 2 hours in orbital shaker equipment.
Then all the solutions were centrifuged at 4000 rpm and the supernatant clear liquid was analyzed for final Cu
(II) concentration in Atomic Absorption Spectrometer. The removal capacity of the adsorbent was calculated by
using the formula. After the analysis the equilibrium time and % removal of heavy metal ions were
calculated.The data obtained in the present studies were used to calculate the equilibrium metal adsorptive
quantity/capacity (mg/g) by using the mass balance relationship and the percentage removal of heavy metal
ions. Experiments were conducted (three repetitions) simultaneously and the average values were reported. The
equilibrium metal adsorptive capacity of the metal ions (qe)  and  %  removal  were  calculated  by  using  mass
balance given by

( )[ ]e o e
Vq C C
M

= -
(1)

( ) 100o e

o

C Cremoval
C
-

% = ´

(2)Where qe is the amount of heavy metal ion adsorbed per unit weight of adsorbent in mg/g, V is the
volume of the solution treated in liters. Co, Ce is the initial and equilibrium concentration of metal ions in mg/l.
M is the mass of the adsorbent in grams.

3. Results and Discussion

3.1 Langmuir isotherm Model

Langmuir adsorption isotherm, originally developed to describe gas - solid phase adsorptiononto
activated carbon, has traditionally been used to quantify and contrast theperformance of different bio-sorbents.
In its formulation, this empirical model assumesmonolayer adsorption (the adsorbed layer is one molecule in
thickness), with adsorptioncan only occur at a finite (fixed) number of definite localized sites, that are
identicaland equivalent, with no lateral interaction and stearic hindrance between the adsorbedmolecules, even
on adjacent sites . In its derivation, Langmuir isotherm refers to homogeneousadsorption, which each molecule
possess constant enthalpies and sorption activationenergy (all sites possess equal affinity for the adsorbate),
with no transmigration of the adsorbatein the plane of the surface is low .The Langmuir equation is given by
equation 3 and thepresent work does not follow Langmuir model since the intercept value is negative [16]. A
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graph between  vs  was plotted on y-axis and x-axis for Cu (II) and Fe (II) respectively as shown in fig 1

and 2 that gives the intercept as  and slope as

____3

An essential factor for Langmuir isotherm to be satisfied is the value of RLdimensionless constant separation
factor or equilibrium parameter should range from 0 to 1 which was given by equation 4

     _____ 4

Fig 1 Langmuir isotherm for copper

Figure 2 Langmuir Isotherm for iron

3.2 Freundlich Isotherm Model

Freundlich isotherm is the earliest known relationship describing the non-ideal andreversible adsorption
not restricted to the formation of monolayer. This empirical modelcan be applied to multilayer adsorption, with
non-uniform distribution of adsorption heatand affinities over the heterogeneous surface. In this perspective the
amount of metal ion adsorbedwas the summation of adsorption energies on all sites (each having bond energy),
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with the strongerbinding sites are occupied first, until adsorption energy are exponentially decreased uponthe
completion of adsorption process. The Freundlich equation is shown in equation 5. In thepresent work the value
of n is more than 1 for both copper and iron and hence the processfollows Freundlich isotherm [17]. A graph of
log (qe) vs log (Ce) was plotted on y-axis and x-axis respectively for Cu (II) and Fe (II) as shown in fig 3 and 4

to find the Freundlich coefficient (k) from the intercept and  from  the  slope  that  determines  the  best  fit
equation of the model.

________5

Where qe represents the equilibrium uptake capacity (mg/g), k represents the Freundlich coefficient and n
represents the sorption possibility ranging from 1 to 10.

Figure 3Freundlich isotherm for copper

Figure 4 Freundlich Isotherm for Iron

3.3 Temkin model

The Temkin model isotherm contains a factor that explicitly taking into the account of adsorbent -
adsorbate interactions. By ignoring the extremely low and large value of concentrations, the model assumes that
heat of adsorption (function of temperature) of all molecules in the layer would decrease linearly rather than
logarithmic with coverage. The derivation of  Eq. 6 is characterized by a uniform distribution of binding
energies (up to some maximum binding energy)[18]. In the present work the value of R2is 0.973 for copper and
0.798 for iron as shown in fig 5 and 6 respectively. Hence we can predict that the adsorption process for copper
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follows the Temkin isotherm model when compared to Iron having low value of R2.The equation of the Tem
kin model is given by

_______ 6

where

                       _______7

where  constant  Bt is  related  to  the  heat  of  adsorption,  R  is  the  universal  gas  constant(J/  mol  K),  T  is  the
temperature (K), b is the variation of adsorption energy (J/mol) and k is the equilibrium binding constant
(L/mg) corresponding to the maximum binding energy. From the experimental results the value of equilibrium
binding constant k is found to be 0.524 and 0.385 L/mg for copper and iron respectively. The value of b is
0.329 KJ/mol for copper and 0.487 KJ/mol for iron.

Fig 5: Temkin Isotherm model for Copper

Fig 6: Temkin Isotherm model for Iron

3.4 DubininRadushkevich isotherm model

The approach was usually applied to distinguish the physical and chemical adsorptionof metal ions with
its mean free energy, E per molecule of adsorbate (for removing a molecule from its location in the sorption
space to the infinity). From the graph shown in fig 7 and 8 for Cu (II) and Fe (II) it was clear that the value of E
is 0.68 KJ for copper and 0.71 KJ for Fe. Since these values are less than 8 KJ, hence the process follows the
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physical adsorption process[19]. DR isotherm model follows the best fit for Cu (II) having higher R2 values of
0.937 when compared to Fe (II) having low R2 values.

_____8 & 9

where e is defined as the Polanyi potential and k is the function of mean free energy ofsorption (E).

Figure 7: Dubinin Radushkevich isotherm for copper

Figure 8 Dubinin Radushkevich Isotherm for Iron

3.5 Pseudo first and second order kinetic model

In order to analyze the metal sorption kinetics the pseudo-first order and pseudo-second order kinetic
models were applied to the data.A simple pseudo first-order equation, which was an early proposal by
Lagergren.The value of adsorbent constant is called Pseudo First order constant k1(min-1); by using the Pseudo
second order it was possible to predict the value of adsorption constant k2very accurately. From the
experimental results the value of k1 in first order kinetics for copper is 0.01533 and for iron is 0.0175 min-1. The
value of k2 in second order kinetics for copper is 78.24 and for iron is 47.99 g mg-1min-1[20]. A plot of log (qe-
qt) vs t gives the equation of the straight line with slope as k1 (min_1) and y-intercept as log (qe) (mg/g) as shown
in fig 9 and fig 10 for Cu (II) and Fe (II) respectively.

Pseudo first order equation is given by-

__________10
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The Calculated values of qe for copper and iron are 4.08 and 4.51 mg/g which is less than the
experimental value. Pseudo second order equation is given by,

    _________11

The calculated values of qe are 1.93 mg/g for copper and 1.48 mg/g foriron which is less than the
experimental value.

Figure 9: Pseudo first order model for copper

Figure 10 Pseudo first order model for iron

Similarly a plot of  vs time (t) in min yields a straight line with slope as  and intercept as ( )as
shown in fig 11 and 12 for Cu (II) and Fe (II) respectively. Second order equation fits for both Cu (II) and Fe
(II) with higher R2 values close to 1.
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Figure 11 Pseudo second order model for copper

Figure 12 Pseudo second order model for Iron

3.6 Intra particle diffusion model

The intra particle diffusion constant for copper was 4.63 and for it iron was 3.44 mg/ g min0.5A plot of
ln (qt) vs ln t1/2yields a straight line with higher regression / correlation coefficient R2 values for Cu (II) when
compared to Iron as shown in fig 13 and 14 for Cu (II) and Fe (II) respectively. The sorption rate is shown to be
controlled by several factors which include the following processes [21].

1. Diffusion of the solute from the solution to the film surrounding the particle
2. Diffusion from the film to the particle surface (External diffusion)
3. Diffusion from the surface to the internal sites (surface or pore diffusion)
4. Metal ion uptake which involves several mechanisms such as physic chemical sorption, ion exchange,

precipitation or complextion [22, 23].

Due to the rapid stirring during the batch experiment, there is a possibility of transport of heavy metal
ions from the bulk into the pores of the adsorbent as well as adsorption at the outer surface of the adsorbent.The
rate limiting step may be either film diffusion or intraparticle diffusion. As they act in series, the slower of the
two will be the rate determining step [24]. The possibility of heavy metal ions to diffusedeep into the interior
site of the adsorbent particle was tested by Webber and Morris equation [25] given by equation 12

q = Kpt0.5 _________ 12

Where q is the amount of heavy metals adsorbed, Kp is the intraparticle diffusion rate constant and t is the
agitation time in minutes.
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Figure 13: Intra particle diffusion model for copper Figure 14: Intra particle diffusion model for Iron

3.7 Linear Regression models for batch mode operation

Analysis of Variance (ANOVA) technique is used and level of significance is set as a = 0.05 to
calculate following statistic parameters. R= correlation coefficient, R2= coefficient of determination, R2adj  =
adjusted R2, F ratio = F test, P = Probability of signifance between observed and predicted values [26]. The
fractional factorial design gives the % removal of heavy metal ions with 6 independent parameters. Finally the
detailed analysis is carried out to develop the models derived through regression which establishes a
relationship between Maximum Uptake capacity (Qmax) and the Physico-Chemical properties.Table 1 to 5
indicates the symbols and notations used for regression analysis and combination of various process parameters
having highest (+) and lowest (-) range of values for Cu (II) and Fe (II) respectively.

3.7.1 Symbols and range of experimental independent parameters (6) used for regression analysis of
bothCu (II) and Fe (II)

Table 1 Range of experimental independent Parameters having (+) and (-) values

P T I B A C
3 30 50 0.25 150 60
6 30 50 0.25 150 60
6 30 50 0.25 150 60
6 45 50 0.25 150 60
6 30 10 0.25 150 60
6 30 50 0.25 150 60
6 30 50 1.5 150 60
6 30 50 0.25 90 60

Where P = pH of the metal ion solution

T = Temperature
I = Metal Ion concentration
B = Biomass / adsorbent dosage
A = Agitation rate
C = Contact time

3.7.2Regression model equation for copper

Linear regression equation is obtained by ANNOVA by taking randomly the 6 parameters into
consideration which are called as Independent Variables. The dependent variable is % removal of Cu (II) which
depends on these variables. The equation of the model for Cu (II) is given by equation 13 as shown below.

% Cu = 28.62 +3.13 P+0.28 T-0.28 I +2.38 B +3.17 x 10-2 A +0.52 C--------- 13
Linear Regression analysis showed that the % removal of copper depends mainly upon 3 parameters

namely pH (P), Biomass/ adsorbent dosage (B) and Contact time (C).
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Table 2 Combination of various process parameters for Copper adsorption

Run % Cu P T I B A C
1 90.2 6 30 10 0.25 150 60
2 47.5 3 45 50 1.5 90 10
3 62.1 3 30 10 0.25 90 10
4 94.5 6 45 10 1.5 90 60
5 66.5 3 30 10 1.5 150 10
6 54.4 3 45 50 1.5 90 10
7 63.3 3 45 50 1.5 150 10
8 95.3 6 30 10 1.5 90 60
9 38.2 3 45 50 0.25 90 10
10 55.2 3 30 10 0.25 150 10
11 43.8 3 30 50 0.25 150 10
12 41.9 3 30 50 1.5 90 10
13 84.8 6 45 50 0.25 150 60
14 61.2 3 45 10 0.25 150 10
15 48.3 3 45 50 1.5 150 10
16 86.3 6 45 10 0.25 150 60
17 53.9 3 45 10 1.5 150 10
18 49.5 3 30 10 0.25 90 10
19 32.3 3 30 50 1.5 150 10
20 80.1 6 30 50 1.5 90 60
21 46.4 3 30 10 1.5 90 10
22 71.1 3 45 50 0.25 90 60

Table 3 Regression analysis of Cu using independent variables having highest (+) and lowest (-) range.

 Run % Cu P T I B A C
1 90.2 + - - - + +
2 47.5 - + + + - -
3 62.1 - - - - - -
4 94.5 + + - + - +
5 66.5 - - - + + -
6 54.4 - + + + - -
7 63.3 - + + + + -
8 95.3 + - - + - +
9 38.2 - + + - - -
10 55.2 - - - - + -
11 43.8 - - + - + -
12 41.9 - - + + - -
13 84.8 + + + - + +
14 61.2 - + - - + -
15 48.3 - + + + + -
16 86.3 + + - - + +
17 53.9 - + - + + -
18 49.5 - - - - - -
19 32.3 - - + + + -
20 80.1 + - + + - +
21 46.4 - - - + - -
22 71.1 - + + - - +
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3.7.3 Regression model equation for Iron

Linear regression equation is obtained by ANNOVA by taking randomly the 6 parameters into
consideration having highest (+) and lowest (-) values which are called as Independent Variables. The
dependent variable is % removal of Fe (II) which depends on these variables. The equation of the model for Fe
(II) is given by equation 14as shown below.

% Fe = 37.20 + 2.243 P-0.0277 T +4.505 B + 2.235 x 10-2 A + 0.620 C ------------- 14

Linear Regression analysis showed that the % removal of Iron depends mainly upon 3 parameters
namelyBiomass/ adsorbent dosage (B), pH (P), and contact time (C).

Table 4 Combination of various process parameters for Iron adsorption

% Fe P T I B A C
58.3 6 30 50 1.5 90 10
43.2 3 45 10 0.25 150 10
75.3 3 30 10 0.25 150 60
61.1 6 45 50 1.5 90 10
76.4 3 45 10 0.25 150 60
64.4 3 30 10 1.5 90 10
83.5 6 45 50 0.25 90 60
84.8 3 45 10 1.5 150 60
52.5 6 30 50 0.25 90 10
49.7 6 45 50 0.25 90 10
80.3 3 30 10 1.5 150 60
43.6 6 45 50 1.5 90 10
45.4 6 45 50 1.5 150 10
90.3 6 30 50 1.5 150 60
83.6 6 30 50 0.25 150 60
81.1 6 30 50 0.25 90 60
75.8 3 45 10 1.5 90 60
46.4 3 30 10 0.25 150 10
66.4 3 30 10 0.25 90 60
83.1 6 45 50 0.25 150 60
40 3 45 10 1.5 90 10

38.9 3 45 10 0.25 90 10

Table 5 Regression analysis of Fe (II) using independent variables having highest (+) and lowest (-) range.

Run % Fe P T I B A C
1 58.3 + - + + - -
2 43.2 - + - - + -
3 75.3 - - - - + +
4 61.1 + + + + - -
5 76.4 - + - - + +
6 64.4 - - - + - -
7 83.5 + + + - - +
8 84.8 - + - + + +
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9 52.5 + - + - - -
10 49.7 + + + - - -
11 80.3 - - - + + +
12 43.6 + + + + - -
13 45.4 + + + + + -
14 90.3 + - + + + +
15 83.6 + - + - + +
16 81.1 + - + - - +
17 75.8 - + - + - +
18 46.4 - - - - + -
19 66.4 - - - - - +
20 83.1 + + + - + +
21 40 - + - + - -
22 38.9 - + - - - -

Conclusions

The potential of natural orange peel as a low cost material for the removal of ironand copper from
synthetic metal solutions. A number of experiments such as equilibrium, kinetic and column studies were
performed to determine the potential of the mixed adsorbent for the removal of Cu (II) and Fe (II).Results from
the equilibrium studies showed that natural orange peel was capable of removing heavy metals from
solution.The maximum adsorption capacities observed were 6 for copper and 5 for iron. The Langmuir and
Freundlich adsorption isotherms were used to evaluate the adsorption behaviour These models were able to give
good fits to experimental data with correlation coefficients R2ranging from about 0.9 to 0.99. Various models
like Temkin, DRand Intraparticle Pseudo fist order and pseudo second order models were verified successfully
with higher R2 values for both the metals.Linear Regression analysis for both Cu (II) and Fe (II) showed that the
% removal depends upon mainly 3 parameters namely pH (P), Biomass/ adsorbent dosage (B) and Contact time
(C).
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