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Abstract: A novel biochar alginate composite adsorbent was synthesized and applied for removal
of Zn2+ ions from aqueous solution. Kinetics, equilibrium and thermodynamic studies showed the
suitability of the adsorbent. From a Langmuir isotherm study, the maximum monolayer adsorption
capacity of the composite adsorbent was found to be 120 mg/g. To investigate the effect of process
variables like initial Zn2+ concentration (25–100 mg/L), adsorbent dose (0.4–8 g/L) and temperature
(298–318 K) on Zn2+ adsorption, response surface methodology (RSM) based on a three independent
variables central composite design of experiments was employed. A quadratic model equation was
developed to predict the relationship between the independent variables and response for maximum
Zn2+ removal. The optimization study reveals that the initial Zn2+ concentration and adsorbent
dose were the most effective parameters for removal of Zn2+ due to higher magnitude of F-statistic
value which effects to a large extent of Zn2+ removal. The optimum physicochemical condition
for maximum removal of Zn2+ was determined from the RSM study. The optimum conditions are
43.18 mg/L initial metal ion concentration, 0.062 g adsorbent dose and a system temperature of
313.5 K. At this particular condition, the removal efficiency of Zn2+ was obtained as 85%.

Keywords: heavy metal removal; composite adsorbent; adsorption; optimization; response
surface methodology

1. Introduction

In the era of industrialization contamination of water bodies by heavy metals have become an
alarming threat for the mankind and aquatic flora and fauna [1]. The metals which are 6 times heavier
than water are identified as heavy metals [2]. Among all, Zn2+ is one of the most commonly found
heavy metal ions. Nevertheless, Zn2+ is a very vital micronutrient element for the human body and
other natural flora, but its presence above a permissible limit become very hazardous and creates
several health problems like skin problem, stomach and kidney diseases [3]. Various process industries
like cosmetics, iron and brass, galvanizing, electroplating etc. are the primary sources of Zn2+ ions in
wastewater [4]. Over the last few decades, a lot of methods have been reported for the elimination of
such hazardous heavy metals from wastewater. Some widely used treatment methods are chemical
precipitation [5], ion exchange [6], membrane technology [7] and adsorption [8]. However, some
drawbacks are also encountered in these conventional techniques like huge sludge production and
discarding, the high cost of operation, and high power intakes [9]. Therefore, biosorption attracts the
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attention of the researchers to find out a low-cost and environmentally safe method. Various adsorbents
derived from various natural sources have already been adopted as an efficient alternative for heavy
metal removal. The research article by Yagub et al. [10] also attracts the focus of the researchers on
this field of research. In industrial application Commercial Grade Activated Carbon (CAC) has been
extensively used for heavy metal ion removal from wastewater but its high cost and difficulties in
reinforcement have motivated researchers to find substitutes to CAC but low-cost potential adsorbents.
Therefore many low-cost and efficient bio adsorbent from various sources like an industrial solid waste,
agricultural and dairy waste have been reported by many researchers [10]. Waste biomass from various
sources converted into biochar by pyrolysis method has become an efficient adsorbent for removal
of both heavy metals and organic pollutants from industrial effluent. Over the last few years, algae
have become one of the valuable and efficient alternatives for bioremediation of heavy metals present
in wastewater and attract the attention of the environment researchers. Moreover, the effectiveness
of heavy metal removal by nonliving algae has been observed by many researchers because it has
cellulose, glycoproteins etc. like biopolymeric structure. The non-living algae contain many active
chemical groups like CH−, OH−, and COO−. The presence the active groups play a very significant
role in heavy metal removal. The active groups present in the algae attract positively charged metal
ions and create a surface complex. It also enhances the electrostatic charge separation. Therefore,
we have previously reported sustainable cost-effective novel Ca-alginate-biochar composite (CABC)
adsorbent and tested its synergetic effectiveness in the removal of aqueous phase Zn2+ metal ions [11].
Various process parameters have been identified but the experimental determination of a wide range
of optimum process parameters are not a feasible option. Therefore Response Surface Methodology
(RSM) has been employed here to model statistically and optimize the process variable for removal of
Zn2+ metal ions by this novel CABC adsorbent which is a new aspect here. Although RSM is a very
old optimization tool, its application in the field of Zn2+ adsorption by Ca-alginate-biochar composite
adsorbent is limited and hence this study was undertaken. In recent years a number of statistical design
and optimization techniques are successfully adopted in the various industrial sector for optimizing
the process variables of leaching and beneficiation of coal, condition optimization for preparation
of activated carbon and many more [12–17]. The optimization of process variables for adsorptive
removal of heavy metal or other organic pollutants is also reported [18–20]. However, optimization of
adsorption of Zn2+ on such novel composite adsorbent has not been reported yet. The conventional
techniques use one factor at a time [16]. For a multivariable system use of conventional technique
requires a huge number of experiments to determine the optimum conditions which require a long
time. Moreover, it does not represent the interaction effect among the independent variables. Therefore,
the technique may not be highly reliable. Hence, the primary objective of the design of the experiment
is to understand the interaction effect which helps in optimizing the experimental parameters and
provide a reliable statistical model which has wide applications.

Therefore, the current work investigates the combined effects of independent variables on aqueous
phase Zn2+ removal on the composite adsorbent. Statistical analysis has been carried out to observe
the significant effect of process variables such as temperature, contact time, metal dose, and adsorbent
dose on Zn2+ removal using the composite adsorbent. Moreover, the main focus of the research is to
determine the optimum condition of those process variables to obtain the maximum Zn2+ removal
efficiency for its application in large-scale operation.

2. Materials and Method

Laboratory reagent grade Zn(NO3)2 6H2O salt was dissolved in ultrapure water to make a stock
solution of the Zn2+ metal ion. All of the working solutions for the present experiments were made by
a serial dilution process from the stock solution. The pH of the aqueous Zn2+ solution was controlled
using 0.1 N HCl and 0.1 N NaOH solution. The alginate biochar composite was prepared by mixing
4:1 (w/v %) Na-Alginate and Biochar with a magnetic stirrer for 6 h and bubbles were eradicated
by sonication. Then the homogeneous mixture of biochar and alginate was put dropwise in freshly
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prepared 3 (w/v %) chilled CaCl2·2H2O to obtain the composite adsorbent. All the laboratory reagent
grade chemicals were procured from Sigma Aldrich Co.

A batch experiment has been conducted to investigate the kinetics and removal efficiency of
Zn2+ on the novel composite adsorbent. For the experiment, 100 mL of a Zn2+ solution of a wide
concentration range (25–100 mg/L) was prepared and the pH of the aqueous solution was maintained
at 5.5. The calculated amount of composite adsorbent was mixed with the metal solution in a series
of bottles representing small reactors. A constant temperature shaker was used to shake the mixture
at 120 rpm for 180 min to achieve the equilibrium. At different time interval, liquid samples were
collected, filtered with 45-micron filter paper and measured the concentration retained in the working
solution. ICP-OES (Inductively coupled Plasma–Optical Emission spectrometry) model no Optima
8300, Perkin Elmer was employed to quantify the residual metal ion concentration.

The following equation has been used to compute the efficiency of the adsorbent removal
efficiency (%)

Zn2+ =
(C0 − Ct)

C0
× 100 (1)

where C0 and Ct are the initial concentration and concentration at any time of Zn2+, mg/L.
For the regression analysis of the actual data set obtained from the experiment, the software

Design-Expert version 7.1 has been used in this present investigation. With the help of Analysis of
variance or ANOVA (Analysis Of Variance), statistical parameters were determined. The significance
of statistical analysis was checked in terms of F-test. The precision of the fitted polynomial model was
confirmed from the high correlation coefficient (R2) value, 95% confidence interval had been used to
evaluate the p-value to check the significance of the model.

3. Theory of Response Surface Methodology (RSM) Optimization Technique

The response surface methodology (RSM) can be defined as a set of mathematical and statistical
tool or technique to build some empirical models. The objective of the optimization tool is to define a
regression-based model and optimize an output variable (called response), which is governed by a
number of independent input variables. Set of experiments were performed by changing all the input
variables to identify the reason for output or response variable change. The RSM tool is employed in
design optimization to minimize or reduce the cost of expensive analysis (e.g., finite element method
or CFD analysis) and the numerical noise associated with the analysis.

Here, an attempt has been made to analyze the effect of operating parameters for Zn2+ removal
by Alginate biochar composite adsorbent by the response surface methodology (RSM) system by
the central composite design (CCD) technique. For a quadratic surface fitting, this method is very
suitable and it optimizes the independent system variables with less number of experimental data set.
Moreover, this method is efficient to find the interacting effects between the operating parameters.

The pictorial view of the CCD technique has been represented in Figure 1. From the Figure, it is
understandable that in this method there are 2n factorial runs (n is the no of independent variables)
improved with 2n axial runs and nc is the central runs to estimate the experimental errors. As this
is a three-factor experiment the experiment is designed and coded as (±1) notation and all the axial
points are (±α, 0, 0, 0), (0, ±α, 0, 0), (0, 0, ±α, 0), (0, 0, 0, ±α) respectively. All of the center points
are at (0, 0, 0, 0) coordinate. This CCD model predicts the optimum condition more accurately over
the normal factorial design because of axial points data and central point data [16]. In addition,
this model is further improved with compared to Box-Behnken model due to more data points used
for optimization calculation.

All of the independent variables were examined at two levels. According to the theory as
the numbers of independent parameters (n) increase, total numbers of experimental runs increase
rapidly for every full repetition of the design. It has been reported that discrete 2nd Order effect
cannot be projected distinctly by 2n factorial design only. Hence, the CCD technique was adopted for
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investigating the quadratic effect and develops the model equation for the removal of aqueous phase
Zn2+ ion by the composite adsorbent.
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The output or response (removal efficiency) with conforming independent system variables
was modeled to optimize the system variables for the preferred response using the statistical
analysis. ANOVA was used to compute all the statistical constraints with the benefit of a response
surface technique.

There are three major steps involved in the process optimization by RSM technique. The steps are,
statistically experiment design, estimation of coefficients in the mathematical model and prediction of
the response and check the accuracy within the range of experimental variables. In the current research,
three independent operating parameters were selected for the statistical analysis. The parameters are
the initial metal ion dose (X1, mg/L), adsorbent dose (X2, mg) and system temperature (X3, K). The level
and range of the factor change consequently with the experimental design. All the independent
parameters at their specific ranges were observed as significant parameters for efficient Zn2+ ion
removal from wastewater on the composite adsorbent. Therefore, the response is represented as a
function of all independent variables.

Y = f(X1, X2, X3 . . . . . . . . . Xn) (2)

where Y is the response or output variables and X1, X2, X3 . . . . . . . . . Xn are independent variables.
An empirical model equation has been developed which correlate the response, removal efficiency
with process variables by a second-degree polynomial equation and reproduced below in Equation (3):

Y = A0 + ∑n
i=1 AiXi + ∑n

i=1 AiiX2
i + ∑n

i=1 ∑n
j=i+1 AijXiXj (3)

where Y is the predicted response, A0, Ai, Aii, Aij are constant, linear, quadratic, and interaction
coefficient respectively. Xi, Xi

2, Xj are level of independent variables.
A number of tests (N) can be performed by considering the typical 2n factorial design consisting

origin at the center as mentioned earlier. A quadratic term was generated by the axial fixing of the 2n
points at the distance α from the center. Independent variable was defined as (n). In a CCD design for
three independent variables in these present experiments, there are 8 factorial points, 6 axial points,
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and 6 replicate at the central points. Hence, the total number of tests (N) necessary for 3 independent
process variables can be estimated from the Equation (4):

N = 2n + 2n + nc = 23 + (3 × 2) + 6 = 20 (4)

4. Results and Discussion

From elaborate kinetic and isotherm study, it has been found that Zn2+ metal removal efficiency
reduces with increasing the initial concentration of Zn2+. As the concentration of initial metal ion
increases, there are excess Zn2+ ions with respect to available active sites on the adsorbent. Therefore,
the increase of initial metal ion concentration inhibits the removal efficiency. The experimental data
shows that for an initial Zn2+ dose of 25 mg/L, percentage removal was almost 90% and when the
concentration of Zn2+ increases to 100 mg/L percentage removal was only 70%.

The adsorbent dose is one of the most significant parameters for the removal of any metal ion
from its aqueous solution. It is the parameter which decides the capacity of any adsorbent and plays
a significant role for design development and process optimization of any large scale adsorption
column. In this present study, the effect of adsorbent dose for removal of Zn2+ has been investigated
by using 50 mg/L metal ion solution, system temperature was fixed at 298 K and pH was adjusted
at 5.5. The adsorbent dose was varied from 0.04 g to 0.8 g per 100 mL of working solution. From the
experimental results, a sharp increase in percentage removal from 31% to 88% was obtained when the
adsorbent dose was increased from 0.04 g to 0.8 g keeping the other parameters constant.

Effect of system temperature revealed that the removal efficiency of Zn2+ on the novel composite
adsorbent is endothermic. When the system temperature raises from 298 K to 308 K percentage removal
increases from 71% up to 86%. With further increase in temperature the removal efficiency increases
but the change is not much significant i.e., only 4% increase is obtained. Therefore it can be concluded
that the use of the adsorbent is advantageous for industrial application at room temperature. In order
to develop the model and optimize the operating parameters, we have designed the experiment
as suggested by the Design Expert software and all the details experimental runs are tabulated in
Table 1. From this table, it is evident that maximum percentage removal was 89% at run number 9
where the operating conditions were, initial concentration 25 mg/L, adsorbent dose 0.42 g and system
temperature 308 K. At the same time, the minimum percentage removal was obtained at run 2 which
was 72%, for this run the operating parameters were, initial metal ion concentration 84.80 mg/L,
adsorbent dose 0.19 g and system temperature 302.5 K. In order to carry out this present work and
as per the design method we have taken the data sets of all the highest and lowest point of all the
parameters at the same time we have taken many data points in between. This makes the experimental
results more reliable and software also able to provide a very accurate model for better understanding
of the work. The proper design saves experimental time and experimental cost also.

4.1. Model Development

The statistical parameters were assessed from the analysis of variance. In this Zn2+ removal study
by the composite adsorbent, the ranges of independent experimental variables and coded variables are
presented in Tables 1–3.
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Table 1. Detail Experimental runs for central composite design with factor values in the coded form
and respective responses/output.

Standard Runs
Coded Variables Variables in Actual Form The Removal

Efficiency of Zn2+ (%)X1 X2 X3 X1 (mg/L) X2 (g) X3 (K)

16 0 0 0 62.5 0.64 308 81
10 α 0 0 100 0.42 308 78
14 0 0 α 62.5 0.42 318 83
5 −1 −1 1 40.17 0.19 313.95 82
9 −α 0 0 25 0.42 308 89

15 0 0 0 62.50 0.42 308 83
4 1 1 −1 84.8 0.65 302.05 77
3 −1 1 −1 40.20 0.65 302.05 84

11 0 −α 0 62.5 0.04 308 75
19 0 0 0 62.5 0.42 308 81
17 0 0 0 62.5 0.42 308 81
20 0 0 0 62.5 0.42 308 81
7 −1 1 1 40.20 0.65 313.95 87
2 1 −1 −1 84.80 0.19 302.05 72
1 −1 −1 −1 40.20 0.19 302.05 79

13 0 0 −α 62.50 0.42 298 77
6 1 −1 1 84.80 0.19 313.95 76
8 1 1 1 84.80 0.65 313.95 82

12 0 α 0 62.5 0.8 308 86
18 0 0 0 62.5 0.42 308 81

Table 2. The coded form and the actual level of the independent variables.

Coded Variables Variables at Its Actual Level

−α Xmin
−1 [(Xmax + Xmin/2] −[(Xmax − Xmin)/2β]
0 (Xmax + Xmin)/2

+1 [(Xmax + Xmin/2] +[(Xmax − Xmin)/2β]
+α Xmax

Here β is 2n/4, n is number of independent variables for any particular experiment.

Table 3. Detail scope of experiments and range of the operating parameters.

Name −1 Level +1 Level −α +α

Initial metal ion
concentration (X1) 40.17 84.8 25 100

Adsorbent dose (X2) 0.19 0.65 0.04 0.8
Temperature (X3) 302 323.95 298 318

The effects of all model terms were evaluated. Statistical parameters like F-value, R2, adj .R2,
predicted R2 and lack of fit were evaluated and compared with the experimental results for the
reliability of the model. 95% confidence interval was taken into consideration for finding the
significance of factors and their interactions on the responses. Based on all the analysis a quadratic
model equation has been developed and all the ANOVA results are tabulated in Table 4.
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Table 4. ANOVA table for Zn2+ removal efficiency on the composite adsorbent.

Source Sum of Squares Degree of Freedom Mean Square F-Value p-Value Prob. > F Remarks

Model 318.02 9 35.34 30.13 <0.0001 Significant
X1 138.56 1 138.56 118.14 <0.0001 Significant
X2 114.25 1 114.25 97.41 <0.0001 Significant
X3 46.10 1 46.10 39.31 0.0006 Significant

X1X2 0.13 1 0.13 0.11 0.0758
X1X3 1.13 1 1.13 0.96 0.3505
X2X3 0.13 1 0.13 0.11 0.75
X1

2 3.03 1 3.03 2.58 0.1392
X2

2 5.23 1 5.23 4.46 0.0609
X3

2 8.75 1 8.75 7.46 0.0211
Residual 11.73 10 1.17

Lack of Fit 8.39 5 1.68 2.52 0.1668
Pure Error 3.33 5 0.67

Correlation Total 329.75 19

Final Equation in Terms of Code Factors:
Zn2+ Removal

Y(%) = 81.38 − 3.19X1 + 2.89X2 + 1.84X3 + 0.13X1X2 + 0.38X1X3 + 0.13X2X3

+0.46X2
1 − 0.60X2

2 − 0.78X2
3

(5)

Final Equation in Terms of Actual Factors:
Zn2+ Removal (%)

Y(%) = −2032.15914 − 1.13965X Concentration − 7.49536X dose
+ 13.66831X temp + 0.024811X Concentration X dose + 2.82843E
− 003 X Concentration X temp + 0.093040X dose X temp
+ 9.21768E − 004X Concentration̂2 − 11.79891X dosê2
− 0.022038X temp̂2

(6)

where, concentration stands for, initial metal ion concentration (mg/L), dose is amount adsorbent
used (g), temp is system temperature (K) respectively.

In a model like this, lack of fit is undesirable. Basically, lack of fit is a comparison between the
residual error and the pure error [21]. Hence, a small value of F and probability more than 0.1 are
desired for the prediction of response.

In this present study, the F value of the model is obtained as 30.13 indicating that the model is
significant. In addition, X1, X2, X3 are also significant model terms with significant F-values.

The ratio between signals to noise was quantified in term of adequacy precision, including the
expected values at different design points and the average predicted errors. A desirable value of
adequacy precision ratio is reported as 4 [22]. The value obtained in the present study is much higher
than the desired value. Therefore, the developed model is suitable for governing the design space.
Also, this is the principal part of the predicted model to validate the present experimental data analysis.
The normal probability versus the studentized residual plot is presented in Figure 2 for Zn2+ removal
from wastewater. Figure 2 reveals that response alteration is not there and no major problem with
the normality.
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The actual vs model predicted percentage for Zn2+ removal is presented in Figure 4. From Figure 4,
it was found that the regression coefficient R2 and adjusted R2 were 97% and 93%, respectively.
These values of R2 illustrates to what extent model can perfectly estimate the experimental data
and adjusted R2 signifies the variation of mean described by the developed model. In addition,
the predicted R2 value is close to R2 value and therefore experimental data for Zn2+ removal by novel
composite adsorbent are well in line with the predicted values from the model equation.Water 2019, 11, x FOR PEER REVIEW 10 of 17 
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The statistical results obtained from the design expert software have been summarized in Table 5.

Table 5. Statistical result for the removal of Zn2+ on the novel adsorbent.

Source Std. Dev. R2 Adjusted R2 Predicted R2 Comments

Linear 1.39 0.906 0.9 0.85
2FI 1.51 0.91 0.89 0.78

Quadratic 1.03 0.97 0.94 0.86 Suggested
Cubic 1.3 0.96 0.92 0.77 Aliased

2FI is 2 factor interaction model.

4.2. Combined Effect of Independent Parameters on Zn2+ Removal

For the investigation of individual effect and combined effects of three factors on Zn2+, response
surface methodology has been used. From the ANOVA results, the effects of various experimental
factors in terms of the three-dimensional response surfaces are represented in Figures 5–7. The response
model is presented in Equation (5). Initial metal ion concentration, adsorbent dose and temperature
affect significantly on aqueous phase Zn2+. The analysis reveals that initial concentration (X1) has
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a major effect on Zn2+ removal with respect to other process variables. This is because of the high
F value (116.14) for initial concentration. However, the combined effects of the process variables are
not significant for this present case.

The response surface method has been used to analyze the three-dimensional response plot
produced from the effect of all the process variables on Zn2+ adsorption on novel composite adsorbent
from aqueous solution. It is evident from the ANOVA table that all the individual process variables
are significant in increasing the effectiveness of the composite adsorbent in terms of percentage
removal (Y).

Figures 5–7 illustrate the collective effect of all the independent parameters on the percentage
removal of Zn2+. All of the values on the axis of the figures represent the real values. Figure 5 shows
the interacting effect of the initial Zn2+ concentration (X1) and adsorbent dose (X2) on Zn2+ removal at
180 min and the system pH 5.5±0.1. Percentage removal shows a sharply increasing trend with an
increase in adsorbent dose and decreasing trend with an increase in initial metal ion concentration.
As the initial concentration increases, there are excess ions in bulk solution with respect to active sites.
Therefore, the percentage of removal gets reduced. On the other hand, increasing adsorbent dose
increases the available surface area for the metal ion. Hence, the percentage of removal efficiency
increases. Maximum removal obtained for the interacting effect of initial Zn2+ concentration and the
adsorbent dose was 83%. Figure 6 demonstrates the mutual effect of the initial Zn2+ concentration (X1)
and system temperature (X3). As the system is endothermic, high temperature favors the adsorption
process. Also, with increasing temperature the activity of the functional groups increases which
enhance the surface complex formation and reduces the mass transfer resistance. Therefore, system
temperature affects synergistically on the adsorption of Zn2+. Maximum removal efficiency for
the combined effect of initial metal ion concentration and system temperature was found from the
optimization study as 82%. In Figures 5 and 6, one effect was synergistic and another was antagonistic.
Figure 7 represents the combined effect of adsorbent dose (X2) and system temperature (X3). Here,
both parameters affect synergistically for aqueous phase Zn2+ removal. With increasing any of the two
independent variables, removal efficiency increases. Practically, when both of these two parameters
were at their maximum condition removal efficiency were maximum at any particular concentration.
And this has been observed during the elaborate experimental trial. Here, we have represented only the
experimental data required by the design expert software to optimize the system. Therefore, maximum
removal efficiency obtained from the 3D plot is 86%. However, it is evident from the ANOVA table
as well the 3D response plot, that initial concentration (X1) has most control on removal efficiency as
compared with the other independent parameters.
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4.3. Response Surface Modeling and Process Optimization

To find out the optimum condition for Zn2+ removal from aqueous solution by the novel composite
adsorbent is the most important objective of the current work. Therefore optimization of adsorption
variables is investigated using the RSM technique. The response surface plots and contour plots at an
optimized condition for the highest removal efficiency are presented in Figures 8 and 9, respectively.

The optimum operating condition was found at the initial concentration of metal ion 43.18 mg/L,
adsorbent dose 0.62 g and system temperature 313.15 K. The experimental and predicted removal
efficiency at the optimum condition was found as 86.05% and 85.02%, respectively. The error obtained
between model predicted and the actual value is less than 1.18% which indicates that the model is
accurate for Zn2+ removal. The optimum conditions in detailed are produced in Table 6.

Table 6. Optimum conditions for the removal of aqueous phase Zn2+ on the composite adsorbent.

Condition
Initial Metal Ion

Concentration (mg/L)
Adsorbent

Dose (g)
System

Temperature (K)
Zn2+ Removal Efficiency (%)
Predicted Experimental

Optimum condition 43.18 0.62 313.15 85.02% 86.05%
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5. Conclusions

In the present study, three variables central composite design based The response surface method
(RSM) has been employed to investigate the individual as well as the combined effect of independent
variables on Zn2+ adsorption. This particular method has been chosen over other methods like
normal factorial design or Box-Behnken method because of its improved computation incorporating
axial data points and center points. The study revealed that all the parameters, i.e., initial Zn2+

concentration, adsorbent dose, and system temperature individually affect the adsorption process
significantly compared to the combined effect. With the help of design expert, the regression analysis
and variables optimization were calculated to predict the significant response in the experimental
domain. A large number of experimental data at a wide range of independent variables were employed
to carry out the regression analysis, statistical importance, and response surface analysis. A simple
second order quadratic model equation was developed using Design Expert software for predicting
the response (percentage removal of Zn2+) on overall experimental regions and correlate the operating
parameters and removal efficiency of Zn2+. The coefficients of the developed model were calculated
for each response, and the high acceptability of the postulated model was proven by presenting the
statistical specifications of them. The reliability of the developed model has been ensured from the
high magnitude of the correlation coefficient between the experimental and model predicted values.
The response surface was derived based on the developed model. Initial metal ion concentration
was found as the most significant factor among all the process variables. The optimum condition
for maximum Zn2+ removal was initial concentration 43.18 mg/L, adsorbent dose 0.62 g and system
temperature 313.15 K. This response surface method is a conventional optimization technique used for
many industrial applications, but very less implementation have been reported in adsorption-based
water treatment technology. Therefore, using this tool in large scale adsorption based technology can
be an advantageous one from time-saving and economical point of view.
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