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Abstract: Response surface methodology was used to study
the effect of various parameters like initial zinc ion
concentration, pH, Temperature, biosorbent dosage and to
optimize process conditions for the maximum removal of
zinc. Batch mode experiments were conducted to determine
the isotherms (Langmuir, freundlich, temkin, dubinin
radushkevich models), kinetics (Pseudo-first and pseudo
second order) and thermodynamic parameters like standard
Gibbs free energy (AG"), enthalpy (AH"), entropy (AS%). A 2*
full factorial central composite design (CCD) using response
surface methodology (RSM) was employed for obtaining the
mutual interaction between the variables and optimizing these
variables. The most influential factor on each experimental
design response was identified from the analysis of variance
(ANOVA). The model was statistically tested and verified by
experimentation. The response surface methodology
indicated that 53.07 mg/l initial zinc concentration, 5.86 pH,
0.27 g biosorbent dosage and a temperature of 39.42 °C were
optimal for biosorption of zinc by Grewia Orbiculata L.,
when 75.86 % of the zinc metal is removed from the solution.

Keywords: Biosorption, Grewia Orbiculata L., CCD
(Response surface methodology), Isotherms, Kinetics,
Thermodynamics.

1. Introduction

Research and development in effluent treatment
processes has gained much importance in the recent years
as environmental legislations for industrial discharges
have become quite stringent. Heavy metal contamination
of surface waters due to industrial effluents is a major
problem, which needs to be tackled due to
ecotoxicological effects of metals along with their
accumulation in food chain ( EPA, 1976). Zinc is the one
of the toxic metals that is available in industrial effluents
involved in acid mine drainage, galvanizing plants, natural
ores and municipal waste water treatment plants (L Nortan
et al., 2004). Conventional technologies like
oxidation/reduction, ion exchange, and membrane transfer
methods available to tackle the problem of heavy metal
contamination of waste waters have a major constraint that
they are not so effective and economical for effluents
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containing concentration of metals less than 100mg/L (B.
Volesky, 1990). Hence, there is a need to develop newer
techniques, which are cost effective, environment friendly
and have high efficacy for metal removal from waste
waters with relatively lower metal concentration (S.Tunali
et al.,, 2006). Biosorption is an innovative technology
using inactive and dead biomasses to remove heavy metals
from aqueous solutions. This biological phenomenon
could be explained by considering different kinds of
chemical and physical interactions among the functional
group present in the cell wall and heavy metals in solution
(A.Esposito et al., 2002) . The biosorbent used in this
study is Grewia Orbiculata leaves powder, in which the
adsorption takes place on surface of insoluble cell walls of
the leaves. The insoluble cell walls of the Grewia
Orbiculata leaves are largely made up of cellulose and
hemi celluloses, lignin, condensed tannins and structural
proteins (H.Christ Ray et al., 1981). Batch mode
experiments were conducted to determine the biosorption
isotherms, kinetics and thermodynamic parameters. The
conventional method used for optimization is the “one
factor at a time” method in which one independent
variable is varied while fixing all others at a specific level.
This may lead to unreliable results and less accurate
conclusions. This method requires a large number of
experiments which might result in predicting the false
optimum values. These drawbacks can be eliminated by
optimizing all the affecting parameters collectively by
Central Composite Design (CCD) (Box GEP et al., 1951)
using Response Surface Methodology (RSM). A detailed
account of this technique has been outlined (Cochran WG
et al., 1957). This optimization process involves three
major steps: performing the statistically designed
experiments, estimating the coefficients in a mathematical
model and predicting the response and checking the
adequacy of the model. This technique has been applied in
biosorption studies for optimization of different
parameters (Farshid G et al., 2008; Preetha B et al., 2007;
Kumar R et al.,, 2009). The present study also applied
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CCD to optimize zinc biosorption in an aqueous solution
onto Grewia Orbiculata L. powder.

2. Material And Methods
2.1 Preparation of biosorbent

The Grewia Orbiculata L. leaves were collected
near K. University campus of Guntur, Andhra Pradesh,
India. Leaves were washed with deionized water several
times to remove dirt particles. Then the dried leaves were
powdered using domestic grinder and the powder size of
75-212 pm, which were used as biosorbent without any
pretreatment for zinc adsorption.

2.2 Chemical

Analytical grades of ZnSO,.7H,O, HCl and
NaOH were purchased from Merck (Mumbai, Maharastra,
India). Zinc ions were prepared by dissolving its
corresponding sulphate salt in distilled water. The pH of
solutions was adjusted with 0.1 N HCI and NaOH.

2.3 Biosorption experiments

Biosorption experiments were performed at room
temperature (30 + 1°C) in a rotary shaker at 180 rpm using
250 mL Erlenmeyer flasks containing 30 mL of different
zinc concentrations. After 1 hr of contact (according to the
preliminary sorption dynamics tests), with 0.1 g Grewia
Orbiculata L. leaves biomass, equilibrium was reached and
the reaction mixture was centrifuged for 5 min. The metal
content in the supernatant was determined using Atomic
Absorption Spectrophotometer (GBC Avanta Ver 1.32,
Australia) after filtering the adsorbent with 0.45 pm filter
paper. The amount of metal adsorbed by Grewia
Orbiculata L. leaves was calculated from the differences
between metal quantity added to the biomass and metal
content of the supernatant using the following equation:

= _ 1 1
q=(c,-c, )M )
Where ¢ is the metal uptake (mg/g); Cy and C; the initial
and final metal concentrations in the solution (mg/L),
respectively; V the solution volume (mL); M is the mass of
biosorbent (g).The pH of the solution was adjusted by
using 0.1N HCI and 0.1N NaOH.

The Langmuir (I.Langmuir, 1916) sorption model
was chosen for the estimation of maximum zinc sorption
by the biosorbent. The Langmuir isotherm can be
expressed as

Qmaxbceq
v,

Where Q... indicates the monolayer adsorption capacity
of adsorbent (mg/g) and the Langmuir constant b (L/mg) is
related to the energy of adsorption. For fitting the
experimental data, the Langmuir model was linearized as

[N WU e
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The freundlich (H.M.F Freundlich,

represented by the equation:
1

q=KC;, @

Where K (mg/g) is the Freundlich constant related to
adsorption capacity of adsorbent and I/n is the Freundlich
exponent related to adsorption intensity (dimensionless).
For fitting the experimental data, the Freundlich model
was linearized as follows:

1906) model is

1nq=1nK+llnCeq ®)
n

The Temkin (C.Aharoni et al., 1977) isotherm has
generally been applied in the following form:

q= gln(ATCeq) (6)

T
Where Ay (L/mg) and by are Temkin isotherm constants.
The Dubinin—-Radushkevich (D-R) (T.Santhi et al., 2010)
model was also applied to estimate the porosity apparent
free energy and the characteristics of adsorption. The D-R
isotherm dose not assumes a homogeneous surface or
constant adsorption potential. The D-R model has
commonly been applied in the following Eq. (7) and its
linear form can be shown in Eq. (8):
q=0n exp(-Ke?)  (7)
In ¢.=In Q,,—K¢’ (8)
where K is a constant related to the adsorption energy, Om
the theoretical saturation capacity, ¢ the Polanyi potential,
calculated from Eq. (9).
e= RT(1+1/C.)  (9)
The slope of the plot of In ge versus & gives K (mol® (kJ?)
') and the intercept yields the adsorption capacity, Qm
(mg g—1). The mean free energy of adsorption (E), defined
as the free energy change when one mole of ion is
transferred from infinity in solution to the surface of the
solid, was calculated from the K value using the following
relation 10:
E= 1N2K (10)
The calculated value of D—R parameters is given in Table
1. The values of E calculated using Eq. (10) is below 1 KJ
mol-1, which indicating that the physico-sorption process
plays the significant role in the biosorption of zinc metal.
2.4 Biosorption Kinetics

The kinetic studies were carried out by
conducting batch biosorption experiments with different
initial zinc concentrations. Samples were taken at different
time periods and analyzed for their zinc concentration.
2.5 Thermodynamic Studies

The thermodynamic effect was studied by
agitating 20 mg 1™ of zinc solution with 0.1 g of adsorbent
at temperature 30, 35, 40, and 45 °C for a time period of
15 min.
2.6 Central composite design (CCD)
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With the identification of the parameters having
the statistically significant influence on the response a
CCD (Box gep et al.,, 1951) was used to optimize the
levels of these parameters. The full CCD, based on three
basic principles of an ideal experimental design, primarily
consists of (i) a complete 2" factorial design, where n is the
number of test parameters, (ii) n, center points (n,>1) and
(iii) two axial points the axis of each design parameters at
a distance of 2" from the design center. The total number
of design points is N= 2"+2n+n,. For statistical
calculations, the parameters X; are coded as x; according to
Eq. (11):
Xi=Xi-xi/Ax;  (i=1,2,3,...k) (11)
where X; is dimensional value of an independent
parameter, X; is the real value of an independent
parameter, x; is the real value of the independent
parameter at the center point and X is the step change. The
second degree polynomials (Eq. 12) are calculated with
the statistical package STATISTICA 6.0 (Stat-Ease Inc.,
Tulsa, OK, USA) to estimate the response of the
dependent variable:
Y = by + b X + b,Xs + b3X5 + byXy + b1 X2 + byXo? + b X3 +
b44X42
+ b X X5 + b13X X3 + bgX Xy + by X X3 + b2sXoXy + b3y X3Xy
12)
Where Y is predicted response, X, Xj, X3,X4 are
independent parameter,by is offset term, by, b,, b3, by are
linear effects , by, by, bas, byy are squared effects and b,
b3, bya, baz, bos, bsy are interaction terms.

3. Results and Discussion
3.1 The effect of contact time

The data obtained from the biosorption of zinc
ions on the Grewia Orbiculata 1. showed that a contact
time of 15 min was sufficient to achieve equilibrium and
the adsorption did not change significantly with further
increase in contact time. Therefore, the uptake and un -
adsorbed zinc concentrations at the end of 15 min are
given as the equilibrium values (g, , mg/g;Ceq, mg/L),
respectively (Fig. 1) and the other adsorption experiments
were conducted at this contact time of 15 min (pH 6).
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Figure.1.Effect of contact time on biosorption of zinc by Grewia Orbiculata L.

for various concentrations and 0.19/30ml of biosorbent concentration
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3.2 Effect of pH

The effect of pH on % biosorption was
investigated and results were shown in Figure 2. It reveals
that % biosorption increased from 15.5 % to 81.9 % as pH
is increased from 2 to 6 and then decreased beyond pH
value of 6 reaching 76.3 % for pH value of 7. Low pH
depresses biosorption of zinc, which may be due to
competition with H' ions for appropriate sites on the
biosorbent surface. However, with increasing pH, this
competition weakens and zinc ions replaces H" ions bound
to the biosorbent or forming part of the surface functional
groups such as OH, COOH, etc. (R.Gong et al., 2005; F.A
Abu Al-rub et al., 2004; P.X.Sheng et al., 2004;
G.Ozdemir et al., 2004; A.lIyer et al., 2004)

100
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% Biosorption

40

20 4

pH
Figure.2. Effect of pH on zinc biosorption by Grewia Orbiculata L. for different
concentrations of metal and 0.1g/30ml of biosorbent concentration

3.3 Effect of metal ion concentration

Fig. 3 shows the effect of metal ion concentration
on the adsorption of zinc by Grewia Orbiculata L. The
data shows that the metal uptake increases and the
percentage adsorption of zinc decreases with increase in
metal ion concentration. This increase is a result of
increase in the driving force, i.e. concentration gradient.
Though an increase in metal uptake was observed, the
decrease in percentage adsorption may be attributed to
lack of sufficient surface area to accommodate much more
metal available in the solution. The percentage adsorption
at higher concentration levels shows a decreasing trend
whereas the equilibrium uptake of zinc displays an
opposite trend. At lower concentrations, all zinc ions
present in solution could interact with the binding sites and
thus the percentage adsorption was higher than those at
higher zinc ion concentrations. At higher concentrations,
lower adsorption yield is due to the saturation of
adsorption sites. As a result, the purification yield can be
increased by diluting the wastewaters containing high
metal ion concentrations.
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Figure.3. Effect of metal concentration on the biosorption of zinc by Grewia
Orbiculata L. at different temperatures & 0.1g/30ml of biosorbent concentration

3.4 Effect of adsorbent dosage

Fig. 4 shows the effect of adsorbent dosage on the
% removed at equilibrium conditions. It was observed that
the amount of zinc adsorbed varied with varying adsorbent
dosage. The amount of zinc adsorbed increases with an
increase in adsorbent dosage from 0.1 to 0.5 g. The
increase in the adsorption of the amount of solute is
obvious due to increasing biomass surface area. Similar
trend was also observed for zinc removal using
Azadirachta indica as adsorbent (K.G.Battacharya et al.,
2004).
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Figure.4. Effect of Grewia Orbiculata L. dosage on biosorption of
zinc for various concentrations

3.5 Effect of temperature

The effect of temperature on biosorption of zinc
was studied between 303 K to 318 K and results were
depicted in Figure 5. The results show that biosorption
increased from with the rise in temperature.
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Figure.5. Effect of temperature on biosorption of zinc by Grewia Orbiculata L.
at different temperatures and 0.1g/ml of biosorbent concentration

4. Biosorption equilibrium

The equilibrium biosorption of zinc on the
Grewia Orbiculata L. as a function of the initial
concentration of zinc is shown in Fig. 6-9. There was a
gradual increase of adsorption for =zinc ions until
equilibrium was attained. The Langmuir, Freundlich,
Temkin and Dubinin—Radushkevich models are often used
to describe equilibrium sorption isotherms. The calculated
results of the Langmuir, Freundlich, Temkin and Dubinin—
Radushkevich isotherm constants are given in Table 1.

It is found that the adsorption of zinc on the
Grewia Orbiculata L. was correlated well with the
Langmuir and Temkin as compared to Freundlich,
Dubinin—Radushkevich isotherm equations under the
concentration range studied. Examination of the
Freundlich, Dubinin—Radushkevich isotherm data shows
that these isotherms were not modeled as well across the
concentration range studied.
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Figure.6. Langmuir biosorption isotherm for zinc at different temperatures
and 0.1g/ml of biosorbent concentration
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Figure.7. Freundlich biosorption isotherm for zinc at different temperatures
and 0.1g/ml of biosorbent concentration.
22
20 4
18 4
16 1
14 4
£ 12

-1 0 1 2 3 4
InCy,

Figure.8. Temkin biosorption isotherm for zinc at different temperatures

and 0.1g/ml of biosorbent concentration
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Figure.9. Dubinin- Radushkevich biosorption isotherm for zin at different

temperatures and 0.1g/ml of biosorbent concentration

Table.1.The values of parameters and correlation coefficients for
each isothermal model for zinc:

Temp( Langmuir
K) qmg/g b,L/mg R’
303 27.66399 0.060386 0.99434078
308 23.37796 0.122355 0.99327211
313 21.70886 0.248543 0.99168221
318 21.38628 0.573465 0.99831975
Temp( Freundlich
K) n Ky, mg/g R’
303 1.721026 2.535027 0.9785366
308 2.198428 4.052025 0.9812287
313 2.810769 6.026645 0.9397608
318 3.500519 8.424316 0.8678837
Temp( Tempkin
K) b Aq,Llg R’
303 412.18 0.59370 0.9945616
308 514.88 1.29419 0.9954781
313 636.67 3.63994 0.9858182
318 758.81 13.1665 0.9568688
Temp( Dubinin Radushkevich
K) K,mol’* | Qp,mg/g R? E,KJ/mol
/KJ?
303 0.008 15.8239 | 0.903 0.078
308 0.002 15.7130 | 0.874 0.130
313 0.004 16.6350 | 0.919 0.108
318 0.004 18.4443 | 0.972 0.104

5. Kinetics of adsorption

The prediction of adsorption rate gives important
information for designing batch adsorption systems.
Information on the kinetics of solute uptake is required for
selecting optimum operating conditions for full-scale
batch process. The adsorption rate within the first 10 min
was observed to be very high and there after the reaction
proceeds at a slower rate till equilibrium and finally a
steady state was obtained after equilibrium. The saturation
time was found to be 15 min based on the initial metal
concentration. The kinetics of the adsorption data was
analyzed using two kinetic models, pseudo-first- and
pseudo-second-order kinetic model. These models
correlate solute uptake, which are important in predicting
the reactor volume. These models are explained as
follows:
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5.1 The pseudo-first-order equation

The pseudo-first-order equation of Lagergren
(S.Lagergren et al, 1898) is generally expressed as
follows:

dq
g g -
dl’ 1 (Qe qt )

where ¢, and ¢, are the sorption capacities at equilibrium

13)

and at time 7, respectively (mg/g) and k, is the rate
constant of pseudo first-order sorption (min—1). After
integration and applying boundary conditions, ¢, =0to g,
= ¢ att =0 to t = t; the integrated form of Eq. (13)
becomes:

(14)

k, ;
2.303

The pseudo-first-order rate constant k; can be

log(g, —g,) =log(g,)-

obtained from the slope of plot between log (g. —q) versus
time, t. The calculated k, values and their corresponding
linear regression correlation coefficient values are shown
in Table 2. These linear regression correlation coefficient
values (Rlz) shows that this model cannot be applied to
predict the adsorption kinetic model.
5.2 The pseudo-second-order equation

If the rate of sorption is a second-order
mechanism, the pseudo-second-order chemisorption
kinetic rate equation is expressed as (Y.S Ho et al., 1998):

dq 2
i G ¥ (P
dl‘ (qe Qr)

Where ¢, and ¢, are the sorption capacity at equilibrium

15)

and at time ¢, respectively (mg/g) and k is the rate constant
of pseudo-second-order sorption (g/(mg min)). For the

boundary conditions g, =0to ¢, = q, att=0tot=1¢
the integrated form of Eq. (15) becomes:

R (16)
g, kg, q,
The second-order rate constants were used to calculate the
initial sorption rate, given by the following equation:
h=k.q. 17

where ¢ is the contact time (min), ¢, (mg/g) and ¢,

(mg/g) are the amount of the solute adsorbed at
equilibrium and at any time, t. Eq. (16) does not have the

problem of assigning as effective ¢g,. If pseudo-second-
order kinetics is applicable, the plot of #/g, against ¢ of Eq.
(16) should give a linear relationship, from which ¢, and

k can be determined from the slope and intercept of the
plot (Fig. 10) and there is no need to know any parameter
beforehand.
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The pseudo-second-order rate constant k,, the
calculated g, value and the corresponding linear regression

correlation coefficient value R22 are given in Table 2. At
an initial zinc concentrations of 20, 40, 60, 80, 100 mg/L,

. . . . . 2
the linear regression correlation coefficient R, value was

higher. The higher R22 value confirms that the adsorption

data were well represented by pseudo-second order kinetic
model.

The values of initial sorption (4) that represents
the rate of initial adsorption Eq. (17), is increased with
increasing metal concentrations onto Grewia Orbiculata
L. (Table 2).

Table.2. Kinetic constants for zinc onto Grewia Orbiculata L. :

Inicial Pseudo second order
Conc,mg/l | q,, mg/g K, R, h,
mg/g.min
20 5.1369 0.1025 0.9982 2.70628
40 10.087 0.0442 0.9977 4.50102
60 13.804 0.0358 0.9979 6.82716
80 17.358 0.0249 0.9975 7.51121
100 20.852 0.0129 0.9939 5.63994
. . Pseudo second order
Inicial ) h,
Conc,mg/l e mg/g KZ R2 mg/g.min
20 5.1369 0.1025 0.9982 2.70628
40 10.087 0.0442 0.9977 4.50102
60 13.804 0.0358 0.9979 6.82716
80 17.358 0.0249 0.9975 7.51121
100 20.8528 | 0.01297 | 0.99396 5.63994
14
® 20 ppm
12 1 O 40 ppm
A 60 ppm
10 v 80 ppm
O 100 ppm
sl
g 6

6 1‘0 2‘0 3‘0 4‘0 5‘0 éo 70
t,min

Figure.10. Pseudo second order biosorption of zinc by Grewia Orbiculata L.

for different concentrations of metal and 0.1g/ml of biosorbent concentration
6. Thermodynamic Parameters

In environmental engineering practice, both
energy and entropy factors must be considered in order to
determine what processes will occur spontaneously.
Gibb’s free energy change, AG®, is the fundamental
criterion of spontaneity. Reactions occur spontaneously at
a given temperature if AG°® is a negative value. The
thermodynamic parameters of AG®, enthalpy change, AH®,
and entropy change, AS°, for the adsorption processes are

Copyright © 2013, Statperson Publications, linternational Journal of Statistika and Mathematika, ISSN: 2277- 2790 E-ISSN: 2249-8605, Volume 5 Issue 1

calculated using the following equations (A.E,Martel et
al., 1977; J.M.Murray et al., 1979):

AG°=-RT1nK, (18)

and

In K4 = ASYR - AHYRT (19)

Where R is universal gas constant (8.314 J/mol K) and T is
the absolute temperature in K.

A plot In K4(q./C.) versus temperature 1/7, was found to
be linear (Fig. 11). The values of AH° and AS° were
respectively determined from the slope and intercept of the
plot. AH® and AS® for the sorption process were calculated
to be 101.4683 KJ/mol and 0.337119 KlJ/mol K,
respectively. The negative values (Table 3) of AG°
confirm the feasibility of the process and the spontaneity
of sorption with a high preference for zinc to adsorb onto
Grewia Orbiculata L. The value of AH® and AS° were
positive, indicating that the process is spontaneous at high
temperatures, where exothermicity plays a small role in
the sorption process (Zawani et al., 2009; Jing he et al.,
2010).

Table. 3. Thermodynamic Parameters:

Temp Thermodynamic Parameters
eratur AGY, AH®, AS’, KJ/mol
e (K) KJ/mol KJ/mol
303 -0.76903
308 -2.32269
313 3.0502 101.468 0.337119
318 -5.86523
25
2.0 1
1519
&
1.0 4
0.5 1
0.0 T T T T T T T T T
0.003120.003140.003160.003180.003200.003220.003240.003260.003280.003300.00332
1TK!

Figure.11. A plot of InK vs.1/T for estimation of thermodynamic parameters

7. Optimization of the Selected Parameters
Using CCD

The experiments with different pH values of 2—
10, different zinc concentrations of 20-100 mg/L, different
biosorbent dosages of 0.1-0.5 g/l and different
temperatures of 303-318 K were coupled to each other
and varied simultaneously to cover the combination of
parameters in the CCD. The levels and ranges of the
chosen independent parameters used in the experiments
for the removal of zinc were given in Table 4. A P
factorial CCD design, with eight axial points (o= V4) and
six replications at the center points (n0=6) leading to a
total number of 30 experiments (Table 5) was employed
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for the optimization of the parameters. The calculated
regression equation for the optimization of medium
constituents showed that percentage removal of zinc (Y)
was function of the temperature (X;), pH (X3), biosorbent
dosage (X;) and initial concentration (X,). Multiple
regression analysis of the experimental data resulted in the
following equation for the biosorption of zinc:
Y = -212.740+ 12.065X; + 1.747X, + 67.310X; + 0.481X, -
0.171X,% -1.954X,* + 34.332X57 -0.003X,%+ 0.574X, X, -2.085X, X3
-0.005X, X, + 0.949X,X;5 + 0.007X,X, -0.118X;X, (20)

The coefficients of the regression model were
calculated and listed in Table 6. They contain one block
term, four linear, four quadratic and six interaction terms.
The significance of each coefficient was determined by
student’s z-test and p-values and listed in Table 6. The
larger the magnitude of the r-value and smaller the p-
value, the more significant was the corresponding
coefficient. This implies that the linear, quadratic and
interaction effects of temperature, pH, biosorption dosage
and initial concentration of zinc are highly significant as is
evident from their respective p-values in (Table 6). The
parity plot (Figure 12) showed a satisfactory correlation
between the experimental and predicted values of
percentage removal of zinc indicating good agreement of
model data with the experimental data. The results of the
second order response surface model, fitting in the form of
ANOVA were shown in Table 7. The Fisher variance
ratio, the F-value (= S,2 /Sez), is a statistically valid
measure to test the significance and adequancy of the
model. The greater the F-value above unity, it is more
certain that the factors adequately explain the variation in
the data about its mean, and the estimated factor effects
are real. The ANOVA of the regression model
demonstrated that the model was highly significant, as is
evident from the Fisher’s F-test (Fmodel = 718.5) and a
very low probability value (Pmodel > F=0.000000). More
ever, the computed F-value (Fyosaa4.1s) :S,Z/Sez= 718.5)
was greater than the tabular F-value (Foos(14.15) tabulars =
2.46) at the 1% level, indicating that the treatment
differences were significant. The correlation coefficient
(R%) provides a measure of the models variability in the
observed response values. The closer the R’ value to 1, the
stronger the model is and it predicts the response better. In
this present study, the value of the correlation coefficient
(R2 = 0.9985) indicated that 99.85 % of the variability in
the response could be explained by the model. In addition,
the value of the adjusted correlation coefficient (Adj R =
0.9971) was also very high to advocate for a high
significance of the model. The response surface plots of
percentage biosorption of zinc versus the interactive effect
of pH, initial zinc concentration, biosorbent dosage and
temperature were shown in the Figure 13.

Each response plot represents a number of
combinations of two test parameters with the other
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parameter maintained at zero levels. The maximum
percentage biosorption of zinc is indicated by the surface
confined in the smallest curve (circular or elliptical) of the
response plot. The optimal set of conditions for maximum
percentage biosorption of zinc is pH = 5.86, initial
concentration of zinc in aqueous solution = 53.07 mg/L,
biosorbent dosage = 0.277 g/L and temperature = 39.42°C.
The extent of biosorption of zinc at these optimum
conditions was 75.865%.

Table.4. Experimental range and levels of the independent
parameters:

Independent Range and Level
Parameters -2 -1 0 +1 | +2
Temperature (X), 30 35 40 | 45 50
K
pH Xy 4 5 6 7 8
Adsorbent 01 (02 (03|04 |05
Dosage(X3), g/
Initial 20 |40 |60 |80 | 100
Concentration (Xy),
mg/L
Table 5: CCD matrix showing coded and real values along with the
experimental values for percentage biosorption of zinc.
R | Coded values Real values % Biosorption
un of zinc
no | x; | x | x|x4| Xy | X X| X4 | Exp | Predict
. 2| 3 erim | ed
ental
-] - 69.501
1 | -1 ] 1 |1 ]-1]35 (5 .2] 40 69.2 6
- - 58.3 | 58.392
2 | -1 |1 |1 |1 ]35 |5 .2]| 80 8 0
- 66.1 | 66.440
3 -1 11 ]-1]35]5 4] 40 3 4
- 59.6 | 59.528
4 | -1 |1 1|13 |5 4] 80 6 3
- 62.2 | 62.485
S |-l |1 |1 [-1]35 |7 2] 40 2 4
- 60.1 | 60.193
6 | -1 |1 ] 1] 1]3 |7 .2 80 2 3
59.0 | 59.061
7 | -1 11 |-1]35 17/ 4] 40 1 6
60.2 | 60.967
8 | -1 |1 |1 |13 |7 4] 80 3 08
- - 65.9 | 65585
9 1L [ 1[I [-1]45 |5 .2] 40 2 42
-] - 60.2 | 60.408
100 1 1] 1] 1]45 |5 2] 8 1 33
- 63.376
11 |1 |1 |1 ]-1]45 |5 .4] 40 632 67
- 62.2 | 62.397
12 1 1 1] 1] 1]45 |5 4] 80 6 08
- 59.2 | 59.671
1311 1] 1[-1]45 7 2] 40 9 67
- 63.2 | 63312
4111711 45 |71 2] 80 2 08
151 |1 |1 ]-1]45 |7 4] 40 | 56.7 | 57.100
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Table.6. Coefficients, t-statististics and significance probability of

X = Temperature, X,= pH, X3= Biosorbent dosage, X4= Initial
Concentration

1 42 *X, 9 4
64.9 | 64.938 X * 0.2048
16 1 1 1 1 45 | 7| 4 80 9 33 X3 bi3 0.42 5 2.080 1 0.0550
65.9 | 65.496 X, 0.0010 0.0000
17 | -2]10]0]0 30 | 6] .3 60 8 25 *Xy bua 0.01 2 14.47 2
65.7 | 65.551 X, 1.0242 -
18] 2]0]0]0]50]6].3] 60 2 25 X5 b2 -0.90 7 0.884 | 03902
- 49.1 49.111 X, 0.0051 0.0000
191 0]2]0]0 40 | 4] 3 60 2 25 *Xy b2 0.11 2 21.52 2
452 | 44.636 X3* 0.0512 0.0000
200 0 |2]101]0 40 | 8| .3 60 8 25 Xy b3 0.52 1 10.24 2
- 69.9 69.811 X,= Temperature, X,= pH, X3= Biosorbent dosage,X,= Initial Concentration.
2000 [2]0] 40 |6].1] 60 8 25 “Significant (p<0.05)
68.8 | 68.376 80
221010210 40 | 6| .5 60 6 25
68.9 | 68.484 75
23 1 0|0 |0 |-2] 40 | 6] .3 20 3 58
654 | 65212 7 y
241 0 |0 ] 0| 2 40 | 6] .3 | 100 2 91 o
756 75.61 g
251010010 40 | 6| .3 60 1 ’ % 60
75.6 ks
26 | 00|01 O 40 | 6| .3 60 1 7561 & 55
75.6
271010010 40 | 6] .3 60 1 7561 50
75.6
280 00|01 O 40 | 6| .3 60 1 75.61 * °
75.6
2910|0010 40 | 6] .3 60 1 75.61 o 45 50 55 60 65 70 75 80
756 Observed Values
30/ 0lo]lolo] 40 |6l 3] 60 1 75.61 Figure.12. Parity plot showing the distribution of observed vs.

predicted values of percentage biosorption of zinc with Grewia
Orbiculata L.

Table.7. ANOVA for the entire quadratic model.

the model Source of | Sum of | Degrees | Mean F- Probe>F
Ter- Coeffi | Val-ue | Standa | t- p- variation | square | of squares | value
m c-ient rd value | value s(SS) | freedom | (MS)
error (D.F)
of Model 1689.9 14 120.70 | 718.5 | 0.000
coeffici Error 2.518 15 0.168
ent Total 16924 29
Const | by | aema | IS ] 0000 Re=0.9985; Adjusted R2= 0.9971
an 0.2925 . 0.0000 F0_05(14’15) =Sr2 /S€2 =718.5> F0_05(14,15)Tabular=2.46
X b, 6.72 ’ 9 2297 a Pmodel > F = 0.000000
2 0.0031 - 0.0000
X b -0.10 3 32.23 a
X, b, 76.5 1'33%23 57.88 0'0900
2 0.0782 - 0.0000
X, by -7.18 3 9183 a
X3 b3 51.0 ! 1'3708 4.361 0'0?05
2 7.8229 - 0.0000
X3 biz -162. 9 20.82 a
0.0585 - 0.0000
X, by -0.79 4 13.59 a
2 0.0002 - 0.0000
Xy by -0.00 0 2799 a
X, b, 0.05 0.0204 | 2.690 | 0.0167
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Figure.13. Response surface plots of the effects of different
parameters on percentage biosorption of zinc by Gerwia Orbiculata

L

8. Conclusion

The present study involves the use of statistical
experimental design to optimize process conditions for
maximal biosorption of zinc from aqueous solution. These
parameters were optimized using CCD involving RSM.
The significant interactions between the parameters were
observed from the response plots. The maximum
biosorption of zinc (75.865 %) onto Grewia Orbiculatal..
powder was observed when the processing parameters
were set as follows: pH = 5.86, initial concentration of
chromium in aqueous solution = 53.07 mg/L, biosorbent
dosage = 0.277g/L and temperature = 39.42°C. This
methodology could therefore be effectively used to study
the importance of individual, cumulative and interactive
effects of the test parameters in biosorption and other
processes. The effect of process parameters like pH, metal
ion concentration, adsorbent dosage and temperature on
process equilibrium was studied. The uptake of zinc ions
by Grewia Orbiculata L. was increased by increasing the
metal ion concentration, adsorbent dosage and decreased
by increasing the temperature. The uptake was also
increased by increasing pH up to 6. The adsorption
isotherms could be well fitted by the Langmuir and
Temkin models. The biosorption process could be best
described by the Pseudo second-order equation. The
negative values of AG° and the positive value of AH°
indicate the spontaneous nature of adsorption with a high

International Journal of Statistiika and Mathematika, ISSN: 2277- 2790 E-ISSN: 2249-8605, Volume 5 Issue 1

preference of zinc metal on Grewia Orbiculata L., and that
the adsorption reaction is endothermic, respectively. The
positive value of AS° suggests increasing randomness at
the solid/ liquid interface during the adsorption of zinc
metal on Grewia Orbiculata L. in the aqueous solution.
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