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ABSTRACT

In the present study, the adsorption characteristics of Ni** onto activated carbon produced from the
biomass residue Citrullus colocynthis peel was studied. Batch experiments were conducted to remove
Ni* from synthetic solutions. Effects of various operating parameters such as pH, contact time, acti-
vated carbon loading and initial Ni** ion concentration on the adsorption process of Ni* have been
studied. Kinetic and isotherm studies for the removal of Ni** from synthetic wastewater were car-
ried out. Langmuir isotherm model fits to the adsorption of Ni** ion onto activated carbon sourced
from CCP. The pseudo-second-order model was found to explain the kinetics of Ni**adsorption most
effectively. The optimization of the process was carried out by using central composite rotary design

in response surface methodology.

Keywords: Adsorption; Ni?*; Response surface methodology; Kinetics; Isotherms; Central composite

rotary design

1. Introduction

Pollution today has become accelaratively prevalent in
our day today lives and it has a fairly negative impact on our
health. Out of all the pollutants, heavy metals are important
part which should never be neglected. With increase in the
number of industries, developing society and the advance-
ment in technology heavy metals, dyes, organic substances
and other such toxic pollutants are let out into the water
bodies [1]. Heavy metals have proneness to bio-accumulate
and thereby enter the food chain ending up as a permanent
addition to the environment [2]. The removal of heavy met-
als from waste water has become the subject of significant
interest owing to inflexible legislations introduced to con-
trol water pollution. Mercury, chromium, cadmium, nickel,
arsenic, lead, beryllium, selenium and manganese are a few
of the metals called “heavy’ because of their high relative
atomic mass which can get retained in nature and can cause
damage even at very low concentrations. Ni** used in indus-
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trial processes viz. storage battery industries; silver refiner-
ies and zinc based castings are carried by air and water and
are discharged into the environment. Excess discharge of
this heavy metal into the environment is a serious issue as
human’s exposure to Ni** causes headache, dermatitis, diz-
ziness, dry cough, nausea, vomiting, renal damage, nervous
disabilities, chest pain, cancer in lungs, nose, bones, etc. In
general it is listed as carcinogenic for all living organisms.
International laws have been enforced by World Health
Organization (WHO) and Euro Environmental Contracts
(EEC) and have set standards for the concentration of its
discharge into surface waters at 0.02 mg L' [3]. The conven-
tional techniques which are frequently used for the removal
of Ni* from the industrial effluents are physical-chemical
methods, such as chemical precipitation, evaporative recov-
ery, filtration, membrane technologies, electrochemical
treatment and ion exchange [4-6]. These processes may be
expensive or ineffective. The high cost of treatment and the
issues related to the operation processes lead for finding out
some newer methods. Biological methods such as biosorp-
tion/bioaccumulation may provide a striking alternative
to physical-chemical methods for the elimination of heavy
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metals. Of all these methods mentioned for the removal of
Ni**, coagulation, precipitation and reduction methods have
been adopted industrially, however, with the disadvantage
of giving out huge amount of sludge and have low efficien-
cies. Ion-exchange and reverse osmosis, although effective
are expensive. Hence cheaper and more viable alternatives
are being considered of which adsorption is one [7,8]. It
may be observed that few unconventional and less expen-
sive adsorbents have been investigated for the production
of activated carbon. The precursors such as moss peat [9],
coconut husk [10], chitosan [11], coir pith, rice husk [12],
tea leaves [13], almond husk [14], Manihot Esculenta peel,
Hemp jung shell, Delonix regia shell and Aegle marmelos
shell [15], tamarind wood [16], shells of Macore fruit [17]
have been investigated for the removal of toxic metals from
aqueous solutions. In this work activated carbon (AC) pro-
duced from the biomass residue Citrullus colocynthis peel
(CCP) by chemical activation was studied as a possible
route to adsorb Ni from synthetic waste water. The optimi-
zation was carried out using response surface methodology
(RSM). RSM focuses at the development of a mathematical
model to describe the effects, relationships of the main pro-
cess variables and to maximize the adsorption.

2. Experimental procedure
2.1. Materials and methods
2.1.1. Reagents

AR grade Nickel sulphate supplied by Central Drug
House Private Limited, India was used. Nickel sulphate
solution of 1000 mg L' was prepared by dissolving Nickel
sulphate in distilled water. Solutions for working were then
prepared for the required concentrations by dilution. The
other chemicals such as dimethylene glyoxime, iodine,
sodium citrate, sulphuric acid used for the analysis of Ni*
were procured from Sisco Research Laboratories Pvt. Ltd.,
India and they were of analytical grade.

2.1.2. Preparation of adsorbent

Citrullus colocynthis peel for the preparation of AC was
procured from Tuticorin (Tamilnadu, India). The precursor
CCP was impregnated with phosphoric acid in 1:1.5 ratio
and kept for 24 h, so that the reagents are fully adsorbed
into the raw material. After impregnation, the mixture was
transferred to a Pyrex glass plate and placed in the hot air
oven for drying at 110°C for 1.5 h. After drying, the precur-
sors were activated in a self-generated atmosphere at 400°C
in a muffle furnace for an hour. The carbon thus produced
was then repeatedly washed with distilled water to recover
all the excess acid. AC thus obtained was dried in a hot air
oven at a temperature of 105 + 5°C until a constant weight
of AC was reached [18]. AC was sieved for particle size
of 2-5 mm and stored in a tight lid container for further
adsorption studies.

2.1.3. Characterization of CCP

The activated CCP produced was subjected to proxi-
mate analysis in order to test it for properties like moisture

content, ash content, volatile content, fixed carbon, charcoal
yield and bulk density. The characteristics such as iodine
number, methylene blue number, methyl violet number,

pore volume, surface area and pH,,,. were also found out.

2.1.4. Adsorption experiments

Adsorption experiments were carried out by agitating
the AC in 100 mL of Ni* ion solution of desired concentra-
tion and pH, in an orbitary shaker at 150 rpm. Adsorption
experiments were carried out in conical flasks of capacity
250 mL. Each flask was filled with 100 mL of adsorbate solu-
tion which was varied from 10 to 30 mg L™. The adsorbent
loading ranged between 0.1 and 0.5 g (100 mL ') of sample
solution. All experiments were conducted using double dis-
tilled water. The samples were taken at different time inter-
vals (30-150 min) and analysed for Ni concentration using
a UV-Vis spectrophotometer by forming a complex with
dimethylglyoxime at 470 nm. The experiments were carried
out by varying carbon loading, initial Ni ion concentration,
contact times, and pH. The pH of the Ni**ion solutions were
varied by using HCl and NaOH for the study of the effect of
pH. The adsorption capacity was calculated using:

a =W M

where C is the initial Ni** ion concentration in the solution
(mg L), C,is the concentration of Ni**ion in the solution at
equilibrium time (mg L™), V is the volume of the solution
(L) and M is the mass of the adsorbent (g).

2.1.5. Response surface methodology

Being economical for extracting the maximum amount
of complex information, reduction in experimental time
thereby saving operational and personnel cost are the
essential characteristics for an experimental design meth-
odology [19]. This requirement is precisely met with the
help of response surface methodology (RSM). By keenly
designing the experiments, the aim is to optimize an out-
put parameter which is affected by many non-dependent
input parameters. Runs, which represents the series of tests
which is used to make changes in the input parameters in
order to find the reason for changes in the output response.
This method is a multivariate non-linear model which is
widely applied to optimize variables in adsorption process
[20-22]. Its main applications include the realization of the
interaction between variables and their aggregate effect on
the whole process. Thus RSM can be used for optimization
of separation processes with minimum number of experi-
mental runs based on the planned experimental design [23].

2.1.6. Experimental design using central composite rotary
design

Experimentation was done using central composite
design which incorporates four variable calculations. The
variance of the predicted response Y is designed to mini-
mize the large number of experiments required to essen-
tially find the response values. The distance from the Centre
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of the design is established by a function X, and coordi-
nates of the point on the response surface used to find the
standard error is signified by the coefficient B [24-27]. The
number of points in the factorial portion of the design for
rotatability is the value o, which is given by

a=(F)" 2)

F is the number of points where F = (2)* (k denotes the
number of factors in the cube portion of the design). Since

pendent variables and Y is the particular response evalu-
ated. For the optimization process, the counter plots were
plotted using these values [28].

Table 2
Independent variables and result for the adsorption of nickel
ion by central composite rotary design

K =4 we have F = (2) ¥ = 16 points where o. = 2 from above Rliin Stilndard Coqegl ACt.u ?311
equation. Tables 1 and 2 show the levels of variables consid- ~ 2f9¢T OT¢er variables variables
ered for CCRD and the coded and actual variables used in A B C D A B C D
the CCRD respectively. 1 -1 1 -1 -1 02 25 4 60
2 1 1 -1 -1 -1 04 15 4 60
X, = o 2X, = (X = Xo)] @ 3 10 0 0 0 0 03 2 6 9
[ X = X 4 s 4 1 1 1 02 30 8 120
. . . . . -1 -1 = .
where x, is the dimensionless coded value of the i* vari- > > bt 02 x4 120
able, X, the natural value of the i variable respectively. 6 4 1 1 1 -1 04 15 8 60
Once the desired range of variables is defined, they are 7 6 1 1 -1 1 04 25 4 120
coded to lay at factorial points of = 1 and = o for axial 8 3 -1 -1 1 -1 02 15 8 60
points of = a. The matrix contains two-level full facto- ¢ 7 1 1 1 1 04 15 8 120
rial de§1gn, six cgntre points, eight axial ppmts and 16 10 9 0 0 0 0 03 20 6 90
fact points. Experiments were conducted using these sets 1 ) ) 0 1
(Tables 1 and 2) to observe the responses while validating 6 o0 0 03 20 10 90
the single-response model of the adsorption process. The 12 29 o 0 0 0 03 20 6 90
sequence of experiments was randomized to prevent the 13 27 0 0 0 -2 03 20 6 30
effects of uncontrolled factors. 14 21 2 0 0 0 01 20 6 9
15 23 0 2 0 0 03 10 6 90
2.2. Statistical methods 16 22 2 0 0 0 05 20 6 9
. 17 28 0 0 0 2 03 20 6 150
From the regression of the responses, a second order 1 )
polynomial equation was considered for all the experimen- 8 30 0 0 0 0 03 20 6 90
tal data: 19 24 0 2 0 0 03 30 6 90
20 25 0 0 2 0 03 20 2 90
Yo=f+ X Ax+ Y, Bl + Y, B @ 2 1 4 1 4 -1 02 15 4 60
" v 22 15 1 -1 -1 1 04 15 4 120
where Y;is the predicted response, xx;are the independent 2 16 11 -1 1 062 25 4 120
variables, B, is the i* linear variable coefficient, and Bij is the ~ 24 14 -1 1 1 -1 02 25 8 60
ijf" interaction coefficient. 25 12 1 -1 -1 04 25 4 60
26 20 0 0 0 0 03 20 6 90
2 2 2
Y= +BA+5B+[C+ LD+ [,A + B + B,;C (5) 27 13 -1 1 -1 04 15 8 60
+B,.D* + B,AB+ B,AC + B,AD + B,,BC + 3,,BD + j3,, 28 19 0 0 0 0 03 20 6 90
here B. B 6. B. B. B B.. B B B. B.. B.. B B, B e 2 1 -1 1 1 02 15 8 120
where 0,71, 72,73, M4 11, F22, 1733, 1744 1712 1713, 14, 723, 1724, 1734, are e
regression coefficients, A, B, C and D are the coded inde- 30 18 ! ! ! ! 04 25 8 120
Table 1
Level of variables considered for the adsorption of nickel ion by central composite rotary design
S. No Variables Parameter Variable level
-2 (-o0) -1 0 +1 2 (+or)
1 A Carbon loading (g (100 mL)™) 0.1 0.2 0.3 0.4 0.5
2 B Initial Ni concentration (mg L™). 10 15 20 25 30
3 C pH 2 4 6 8 10
4 D Time (min) 30 60 90 120 150
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2.3. RSM evaluation

The model was designed and prepared using various
statistical methods which were used to review the exper-
imental error, and to find the viability of the model using
a dedicated RSM program. The capability of the Statistical
model was justified using analysis of variance (ANOVA).
While choosing the models, care must be taken to ensure
that the subsets with fewer terms are selected to ensure that
they can be a good representation of the validated data. The
concluding optimized polynomial equation can be used
to picture the relationship between the variables by three
dimensional surface plots or contour plots. They aid in see-
ing the relative influence of parameters, to find an optimum
parameter combination, and to predict experimental results
for other parameter combinations [29].

3. Results and discussion
3.1. Proximate analysis

The moisture content, ash content, volatile matter, fixed
carbon, yield, particle size and bulk density of the CCP was
found out and results are shown in Table 3. The moisture
content, ash content and volatile matter content are low
which gave rise to the fixed carbon content of 56.6%. As
CCP is woody material, its final yield % is also high when
compared to the lignocellulosic material which is an added
advantage using CCP as precursor for adsorption. The par-
ticle size was found to be 0.072 mm. As batch adsorption
studies are carried out, powdered AC will be more effective
than the granular carbon as it has larger surface area avail-
able for adsorption to take place.

3.2. Characterization of CCP

Table 4 shows the iodine, methylene blue, methyl violet
number, pore volume, BET surface area and pH,,,.. obtained.
From the Table 4 it can be concluded that the characteris-
tics of the prepared CCP adsorbent is comparatively better
and economical than the commercially available AC. The
methylene blue and methyl violet number are low than the
iodine number and the iodine number corresponds to the
micro pores. From Table 4 it can be inferred that the iodine
number for CCP is higher than the commercial AC. As the
ionic radius of Ni?*is 0.69 A which is closer to the range

Table 3
Proximate analysis of activated CCP

Parameters ccp
Moisture content (%) 8.12
Volatile matter content (%) 25.34
Ash content (%) 9.94
Fixed carbon (%) 56.6
Yield (%) 52.3
Partial size (mm) 0.074
Bulk density (g/cc) 0.33

of micro pores (< 2 nm) it is very much sufficient for the
adsorption to take place. And if suppose the pores are larger
than 2 nm desorption would also take place simultaneously
which is not the case in the present study. So this proves
that the adsorption process will be more effective and effi-
cient with CCP [30].

3.3. Effect of contact time

Contact time studies were carried out at 30°C and pH
of 6 with 0.3 g (100 mL)™ of the carbon loading for 20 mg
L-initial Ni ion concentrations at different time intervals
(Fig. 1). It was seen that the adsorption capacity of AC
increased with contact time and attained maximum value
at 150 min. It was also noted that any further increase in
the contact time did not show a significant change in the
adsorption capacity. Hence the equilibrium time was taken
as 150 min. Therefore, the time taken for attaining equilib-
rium was set at 150 min in further studies.

3.4. Effect of initial Ni** ion concentration

Experiments were carried out for different initial Ni ion
concentrations at a fixed carbon loading 0.3 g (100 mL)™,
pH 6, temperature 30°C and at a time 150 min (Fig. 2). The
adsorption capacity was seen to increase with increase in
initial Ni ion concentration due to enhanced driving force

Table 4
Characteristics of adsorbents

Characteristics of adsorbents Characteristic value

cCp Commercial AC
Iodine number (mg/g) 924.35 834
Methylene blue (mg/g) 125 210
Methyl violet (mg/g) 113 125
Pore volume (cm®/g) 0.61 0.3187
BET Surface area (m?/g) 72148 482.21
pH,. 6.01 6.67
6
5 o * + +
_ 4
b
é" 3
=2
2
1
0
0 50 100 150 200
Time (min)

Fig. 1. Effect of contact time on adsorption capacity (Carbon
loading = 0.3 g (100 mL)~, Initial Ni ion concentration = 20 mg
L7, Adsorption temperature = 30°C, pH = 6).
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Fig. 2. Effect of initial Ni ion concentration (carbon loading =
0.3 g (100 mL)™, adsorption temperature = 30°C, pH = 6, Time
=150 min).

[20,31,32]. The values of adsorption capacity increased from
497 mg g'to 7.69 mg g~ when the metal ion concentration
was increased from 10 mg L™ to 30 mg L.

3.5. Effect of carbon loading

The effect of AC loading on adsorption capacity was
studied in order to determine the necessary AC quantity
required for the optimal removal of Ni**ions. The adsorp-
tion studies were carried out at a pH of 6, temperature
of 30°C for different retention periods taking 100 mL of
20 mg L™ of nickel sulphate solution for various loadings
of AC (Fig. 3). It was inferred that the adsorption capacity
of AC decreased from 9.39 mg g™ to 3.42 mg g when the
weight of AC was increased from 0.1 g (100 mL)" to 0.5 g
(100 mL)™. This behaviour is because of the fact that more
the AC, greater will be the availability of the exchangeable
sites or surface offered to the adsorption of Ni**ions [18].

3.6. Effect of pH

Experiments were carried out to study the effects of
pH at temperature of 30°C by varying the initial pH of Ni*
solution from 2 to 10 for a constant carbon loading of 0.3 g
(100 mL)™ of the solution (Fig. 4). The experiments were
conducted for equilibration time previously determined.
The removal of Ni**ions was found to increase with increas-
ing pH till 10 for 20 mg L. From Fig. 4, the removal of Ni*
ions was found to increase with increasing pH till 10. It is
extensively reported that Ni** exists as predominant species
till pH 7 and at higher pH several hydroxides starts precipi-
tating [33]. A typical aqueous solution of nickel ions, where
pH at which the nickel cation dissociates to form the proton
(i.e. at which the solution will have an excess of OH" ions)
which can cause precipitation of NiOH indicatively has the
value in the range 7.5-10. The increase in the adsorption
depends on the properties of the adsorbent surface and Ni
ion. The increase in the adsorption capacity with pH is due
to the increase in the negative charge on the carbon surface.
Though the adsorption capacity increased above pH 6, the
proper reason behind it was not concluded whether it is
solely due to adsorption or by precipitation. Hence, further
reconfirmation was done by carrying out the pH,,. stud-
ies by varying the pH range from 2-10. The point of zero

=
o

q(mgg")
O P N W b U1 OO N 00 O

0 0.1 0.2 0.3 0.4 0.5 0.6
Carbon loading (g(100 mL))
Fig. 3. Effect of carbon loading (initial Ni ion concentration =

20 mg L7, adsorption temperature = 30°C, pH = 6, time = 150
min)

q(mgg’)
w

o
N
S

6 8 10 12
pH

Fig. 4. Effect of pH (carbon loading = 0.3 g (100 mL)™, initial Ni
ion concentration = 20 mg L7, adsorption temperature = 30°C ,
time = 150 min).

charge is the pH at which the surface of the adsorbent is
neutral, i.e., contains as much positively charged as nega-
tively charged surface functions. Below this value, the sur-
face is positively charged; beyond this value, it is negatively
charged. So normally, it is always easier to adsorb a cation
on a negatively charged surface, and an anion on a posi-
tively charged surface. In pH,,, it was concluded that visi-
ble precipitation was observed above pH 6. For this reason,
further metal sorption studies were carried at an optimum
pH value of 6 because precipitation of nickel hydroxide was
observed at a pH greater than 6.

4. Adsorption isotherm

Adsorption isotherm studies are usually carried out
with Langmuir and Freundlich isotherm model equations.
This isotherm gives the relationship between the equilib-
rium concentration of Ni ion on the solid phase and in the
liquid at constant temperature.

4.1. Langmuir isotherm

The Langmuir isotherm is based on mono layer adsorp-
tion i.e. constant heat of adsorption for all sites, on the
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active sites of the adsorbent [34]. The data on the uptake of
Ni**ion has been processed in accordance with the Lang-
muir isotherm equation

— (Qmaxbce ) (6)

% (1+5C,)

The Langmuir isotherm in the linear form is as follows:

(g] _ (C—] L @)
qe Qmax (meax)

where C, is equilibrium concentration of Ni*"ion in the
solution (mg L), g,is amount of Ni** ion adsorbed at
equilibrium (mg g7), Q,. is Maximum amount of Ni ion
required to form a mono layer, i.e. adsorption capacity of
the adsorbent (mg g™), b is Equilibrium constant represent-
ing adsorption intensity (L mg™). A plot is drawn for (C,/
q) Vs C.Q, and b values can be calculated from the slope
and intercept of the plot.

4.2. Freundlich isotherm

Based on the assumption that active sites are spread
exponentially with respect to the heat of adsorption, the
derivation of Freundlich isotherm was done. Based on the
multilayer adsorption (heterogeneous surface), the Freun-
dlich isotherm gives the equivalence between equilibrium
liquid and solid phase capacity [35]. The Freundlich iso-
therm equation is given by:

7.=K,(C)" ®)

The following equation gives the linear form of the Fre-
undlich isotherm:

logq, =logK; + (l)logce )
n

where Kf (mg g™) and n (g L) are Freundlich isotherm
constants relating multilayer adsorption capacity and
adsorption intensity for given adsorbate and adsorbent
at a particular temperature. A plot is drawn for log g, vs.
log C,. The n and K, values are calculated from the slope
and intercept of the plot. The isotherm constants along
with the regression coefficients are listed in Table 5. From
Figue 5, the g, values predicted by the Langmuir model
were close to the experimental values and therefore,
Langmuir isotherm model fits to the adsorption of Ni*
ion onto activated carbon sourced from CCP.

Table 5
Langmuir and Freundlich parameters for adsorption of nickel
ion

Temperature Langmuir constants Freundlich constants

O

Qe b R K n R?
(mgg") (Lmg?) (mgg") (gL7)
30 13.5 0.11 0993 1.65 155 0992

5. Kinetic studies

To analyse the adsorption rates of Ni ions on to AC from
Citrullus colocynthis, pseudo first order and second order
equations were tested.

5.1. Pseudo first order equation

The first equation which was proposed for the adsorp-
tion of adsorbate on the adsorbent based on the adsorbent
capacity was given by Lagergren’s pseudo first order equa-
tion [36] and it is given as

d

Tki(g.-q) (10)
This equation can be integrated for the boundary condi-

tionst=0,q,=0and t =t, q, =g, to give

log (. - q,)=log (q.) - kit (11)
where g,is the amount of adsorbate on the surface adsor-
bent at any time t (min), g,is the amount of adsorbate on
the surface of adsorbent at equilibrium and k, is the equi-
librium rate constant of pseudo first order adsorption. The
constants k, and g, is calculated from the slope of log(q,-4,)
against time.

5.2. Pseudo second order model

The set of experimental readings were analysed with
pseudo-second order equation [37]. The kinetic rate equa-
tion is

d
i=kz(‘7e —lif)z

it (12)

On integrating the above equation and applying the
boundary conditions t = 0, g,= 0 and ¢t = t, g,= q, and rear-
ranging it obtain the linearized equation as

t_1 + LS (13)
a hoq
8
7
6
5
= 4
3 —o—qe exp
2 = e pred Langmuir
1 == e pred Freundlich
0
0 2 4 6 8 10

C

e

Fig. 5. Adsorption isotherm, experimental and predicted by
Langmuir and Freundlich models at temperature = 30°C, car-
bon loading = 0.3 g (100 mL), pH = 6, time = 150 min.
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Table 6

Comparison of pseudo-first order and pseudo-second order adsorption rate constants

Temperature (°C) Pseudo-first order kinetics Pseudo-second order kinetics q, (expt)
q,(mg g™ K (min™) R q,(mg g™ K, (g mg'min™) R? (mg g™)
30 2 0.011 0.902 5 0.0699 0.998 496914
Table 7 Table 8

Comparison of the adsorption capacity of different adsorbents
for Ni

Measured and predicted response for adsorption of nickel
using central composite rotary Design

Adsorbents Adsorption Reference Run Factors Response (Y)
capacity (mg g7) order
Activated carbon Moringa oleifera 19.084 [38] A B C D Predicted Actual
Coir pith carbon 62.5 [39] 1 02 25 4 60 597772 5.8934
Granular activated carbon 1.49 [40] 2 04 15 4 60 1.91301 1.97526
Hazelnut husk AC (20°C) 5.757 [41] 3 03 20 6 90 4.78050 4.793147
Hazelnut husk AC (3°C) 7181 [42] 4 02 30 8 120 9.74962 9.70812
Hazelnut husk AC (40°C) 10.107 [41] 5 02 25 4 120 6.69334 6.6326
Hazelnut husk AC (50°C) 11.64 [41] 6 04 15 8 60 3.23568 3.25038
Hevea brasiliensis 17.21 [42] 7 0.4 25 4 120 3.63469 3.73606
Parthenium 54.35 [43] 8 0.2 15 8 60 5.55141 5.45004
Peanut hull carbon 53.65 [40] 9 04 15 8 120 3.36142 3.44574
Pomegranate peel 52.20 [44] 10 03 20 6 90 4.78050 4.793147
Citrullus colocynthes peel 13.5 This study 11 03 20 10 90 6.43340 6.482747
12 03 20 6 90 4.86577 4.793147
where I = k,q?, k, is the pseudo second order rate constant 13 03 20 6 30 417516 4.251067
and / is the initial sorption rate. The equation constants can 14 01 20 6 9 889291 9.22616
be determined by plotting t/7, against t. Based on the regres- 15 03 10 6 90 2.51965 2.575653
sion coefficient and calculated values of adsorption capac- 16 05 20 6 90 3.51852 3.213808
ity the adsorpt%on process was found to obey the pseudo 17 03 20 6 150  5.01653 4969147
second order kinetics as shown in Table 6. Comparison of 18 03 20 6 90 486577 4793147
the adsorption capacity of different adsorbents for Ni is : : :
given in Table 7. 19 03 30 6 90 656346 6.56712
20 03 20 2 90 3.08916 3.068347
21 0.2 15 4 60 4.07836 3.93996
6. Development of regression model equation 22 04 15 4 120 218273 2.23926
In the present study, CCRD for four variables (adsorbent 23 02 25 4 120 6.66157 6.6326
concentration, adsorbate concentration, pH, time), each 24 02 25 8 60 814326 8.0582
with five levels (+ 1 for the factorial points, 0 for the centre 25 04 25 4 60 3.36932 34747
points and + o for the axial points), was used as the experi- 26 03 20 6 90 4.74873 4.793147
mentz.;ll design model. This model has the qdvantage ’fhat it 27 04 15 8 60 3.20390 3.25038
permits the use of relatively few combinations of variables
.. . 28 0.3 20 6 90 4.74873 4.793147
for determining the complex response function [45]. A total
of 30 experiments were required to be performed to calcu- 29 02 15 8 120 612742 597276
late 15 coefficients of the second order polynomial equation. 30 04 25 8 120  5.50587 5.61574

The adsorption of Ni**ion estimated as adsorption capacity
was taken as the response of the system. The adsorption
capacities and the design matrix derived experimentally
using CCRD are shown in Table 8.

Based on the highest order polynomials which has the
additional terms as significant according to the sequential
model sum of squares, the selection of models were done.
For percentage adsorption of Ni** ions, the quadratic model
was suggested by the software, which was selected in this
case due to the higher order polynomial. The coefficient of
the model for the response was estimated using multiple

regression analysis technique included in the RSM. The
quadratic model thus obtained was given as follows:

Adsorption capacity(Y) = +1.85441—25.85623A +
0.27391B +0.19485C + 0.042695D + 33.6782 A*
-3.16395E — 003B” — 6.08063E — 003C* — 7.29792E
—-0005D* — 2.02187E — 004BD — 8.96818E — 004CD

(14)
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A positive sign in front of the term indicates a syn-
ergistic effect and a negative sign is an indication for an
antagonistic effect. The quality of the model developed
was evaluated based on the correlation coefficient value
(i.e.) the R? values in Table 9. It can be inferred that there
is good agreement between experiment and model pre-
dicted values for relatively high values of R?(close to
unity) as shown in Table 10 and Fig. 6. The standard devi-
ation value should be smaller for better modeling as it
gives closer predicted and actual values of the response
and this indicates that the predicted value for Y is more
accurate and closer to the actual value. The Model F-value
of 1604.23 implies the model is significant. The chance of
occurrence of large F-value is only 0.01% chance due to
noise. “Prob > F” which has values less than 0.0500 indi-
cates that the terms are significant. In this case A, B, C,
D, AB, AD, BC, CD, A"2, BA2, D2 are significant model
terms. Values greater than 0.1000 indicate the model
terms are not significant.

Table 9

Standard deviation and R? for the quadratic model equation
Std. Dev. 0.068 R-Squared 0.9993
Mean 4.95 Adj R-Squared 0.9987
CV. % 1.38 Pred R-Squared 0.9965
PRESS 0.37 Adeq Precision 161.884

Table 10

7. Interaction effects of adsorption variables

The three dimensional response surface plots were
visualized to study the adsorption capacities of the
present adsorbent over different combination of inde-
pendent variables (Figs. 7a—f). These plots were drawn
as a function of two factors and holding other two fac-
tors as constant. The optimum adsorption variables
were obtained through point prediction method and
surface response plot and are given in Table 11. Adsorp-
tion experiment was carried out at these conditions and
the results were found to be well represented by the
present model Eq. (14).

12

10 |
8 .
= 6 A
2
2
B 4
2 y = 0.996x +0.016
A~ R?=0.996
2 -
0 ; : . . . .
0 2 4 6 8 10 12

Actual

Fig. 6. Comparison between experimental and model predicted
adsorption capacity using CCRD.

Analysis of variance (ANOVA) for response surface quadratic model for adsorption capacity

Analysis of variance table [Partial sum of squares - Type I1]]

Source Sum of Squares df Mean Square F Value p-value
Prob> F
Model 105.15 14 7.51 1604.23 < 0.0001 significant
A-A 41.35 1 41.35 8831.58 < 0.0001
B-B 23.72 1 23.72 5065.92 < 0.0001
C-C 16.22 1 16.22 3465.19 < 0.0001
D-D 1.02 1 1.02 216.81 < 0.0001
AB 0.068 1 0.068 14.58 0.0017
AC 3.946E-003 1 3.946E-003 0.84 0.3731
AD 0.17 1 0.17 36.81 < 0.0001
BC 0.38 1 0.38 81.77 < 0.0001
BD 9.449E-003 1 9.449E-003 2.02 0.1759
CD 0.029 1 0.029 6.24 0.0246
AN2 3.03 1 3.03 646.38 < 0.0001
BA2 0.18 1 0.18 37.65 < 0.0001
cn2 0.016 1 0.016 3.37 0.0862
DA2 0.12 1 0.12 24.58 0.0002
Residual 0.070 15 4.682E-003
Lack of Fit 0.055 8 6.821E-003 3.05
Pure Error 0.016 7 2.237E-003
Cor Total 105.22 29
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®

Fig. 7. ((a)—(f)) 3D Contour plots at carbon loading = 0.3 g, initial adsorbate concentration = 20 mg L™, pH = 6, time = 90 min, and

temperature = 30°C.

Table 11

Optimized process variable values for adsorption process
Carbon loading (g (100 mL)™) 0.35
Initial Ni ion concentration (mg L) 25
pH 6
Adsorption time (min) 90
Temperature (°C) 30
Adsorption capacity (mg g™)
Predicted 6.25
Experimental 6.3864

8. Conclusion

AC produced from bio mass residue Citrullus colocynthis
peel (CCP) was found to be effective for the adsorption of Ni**
ion from the aqueous solution. The optimum pH was found
to be 6. Isotherm studies were carried out using Langmuir
and Freundlich equation of which Langmuir equation fitted
the experimental well. The adsorption of Ni* ion onto AC
was found to follow pseudo second order model. Response
surface methodology is found to be useful software for the
prediction of surface methodology and the central compos-
ite rotary design were used for the optimization of Ni** ions
adsorption. The optimal results obtained from RSM were Ini-
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tial adsorbate concentration 20 mg L', carbon loading 0.3 (g

(100

mL)™), pH 6, adsorption time 90 min and temperature

30°C. Under these conditions the adsorption capacity were
found to closely match with the experiment and predicted

valu

es. Thus in this study, AC produced from CCP was

found to be a suitable adsorbent for the removal of Ni* ion
from synthetic waste water solution.

Symbols

A,B,C,D — Coded independent variable

AB,AD, BC,CD, A% B>, D* — Significant model terms

C, — Initial Ni**ion concentration
in the solution (mg L™)

C, — Concentration of Ni* ion in
the solution at equilibrium
time (mg L™)

F — Number of points

M — Mass of the adsorbent (g)

q, — Adsorption capacity at equi-
librium time ( mg g™)

1% — Volume of the solution (L)

X, — Dimensionless coded value
of the i variable

X, — Natural value of the i*" vari-
able

Y — Particular response evaluated

Y, — Predicted response

Greek

o — Number of points in the fac-
torial portion of the design
for rotatability

B, — 1™ linear variable coefficient

[3,‘]'
ﬁ()’ Bl' B2’ 133’ B4’ BH’ I322'1333'

44 BIZ’ BB/ 14,723,724, 734

ij" interaction coefficient

Regression coefficients

Abbreviations

AC — Activated Carbon

CAC — Commercial Activated Carbon

ANOVA — Analysis of Variance

ccr — Citrullus colocynthis Peel

CCRD — Central Composite Rotatable
Design

EEC — Euro Environmental Contracts

pH — DPotential of Hydrogen

RSM — Response Surface
Methodology

pH,.. — pH Point of Zero Charge

WHO — World Health Organization
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