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Abstract. To improve adsorption mechanism and to increase adsorption capability for Na-bentonite 

rather than Ca-bentonite origin, Nano-bentonite sample with Na activation was used. Also for 

investigation of environmental effect, some parameters such as pH, adsorbent concentration, metal 

ion concentration and stirrer speed on the adsorption rate of Zn used Experimental Design software 

and Central Composite Design (CCD) model. CCD is a powerful model that based on minimization 

of errors and exprement repeat. This model usually was used when there aren’t suitable knowledge 

about investigating factors or their borderline. In this research 30 experiments were designed for 

Na-Bentonite samples and the effective parameters on Zn adsoption rate were denoted by CCD 

model analysis results. Based on obtained results, pH and adsorbent concentration introduced as the 

most effective parameters. The pH and metal ion concentration is only valid interaction effect on 

recovery of metal ion adsorption. Finally, the optimized condition of each parameter for effective 

adsoption process was determined and possible conditions for access to adsorption recovery up to 

99 percent was prepared. 

Introduction 

A researcher always is going to know which factor has the most effect on his process. For example, 

he /she may attend to some factors such as temperature, time, reactive concentration and pH, But 

these factors haven’t the similar effect on process outcome. Some of them have more and others 

have less effect. Finding the answer to this question requires performed many experiments and a 

large amount of money and time that isn’t affordable. To obtain optimum conditions with fewer 

experiments, by using experimental design method, we can perform several experiments with 

alteration of several factors simultaneously. Different software such as Design Expert, Matlab, 

Minitab and SPSS experiment, can be used for experiment designing. If experiments designed well, 

they could present important data. Also well designed experiments can analysis of identified 

important effects. Designed experiment usually perform in 4 Phase including designing, description, 

optimization and confirming or reviewing.After finding of main factors, obtaining details of the 

model is reasonable. Optimization of factors for reach to minimum or maximum conditions is one 

of these details. For example optimization of factors when the aim is enhancement of reaction 

efficacy. The other detail is introduction of quantity specification of model for anticipation of 

relation between response and different amount of factor. Most selective designs offer the same of 

information or information about factor effect or its interaction with another factor. CCD model and 

Expert Design can analysis interaction effect of each factor. 

Bentonite includes exchangeable cations such as Na
+
, Ca

2+
 or Mg

2+
 in the interlayer space. The 

Ion exchange capacity influenced on its commercial traits and classification is based on these 

cations. Na- Bentonite has a high swelling capacity while Ca- Bentonite has low swelling capacity. 

Bentonite is natural or synthetic minerals, consisting of very thin layers that are usually bound 

together with counter-ions. Their basic building blocks are tetrahedral sheets in which silicon is 

surrounded by four oxygen atoms, and octahedral sheets in which a metal like aluminum is 

surrounded by eight oxygen atoms [1-5]. Isomorphic substitution within the layers (for example, 

Al
3+

 replaced by Mg
2+

 or Fe
2+

, or Mg
2+

 replaced by Li
+
) generates negative charges that are 

counterbalanced by alkali and alkaline earth cations situated inside the interlayer space [6-12]. 
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There are many researches for using Na-Bentonite in order to adsorption of different component. 

By attending to different reference, swelling index, water adsorption and Cation Exchange Capacity 

(CEC) of Na- Bentonite is more than Ca- Bentonite and Na- Bentonite preferred for adsorption 

agent. In those researches for replacement of Na with Ca in the Bentonite structure, different 

method and different component such as Co3Na2 and NaCl was used [13-16]. 

Experimental Details 

Materials and Methods. About 7 Kg of the Ca-Bentonite was obtained from Niagh mine district 

(Qazvin, Iran). It was purified in the laboratory to remove carbonates, iron, hydroxide and organic 

matter. The Bentonite was then crushed, ground, sieved through 200 mesh. 2 Kg of passed 

Bentonite added to 5 liters of distilled water and stirred by mechanical stirrer for 4 h. After 3 days 

impurities removed from the surface while stirring was continued. After 90 min, 200 ml of sample 

was picking up. Prepared sample centrifuged at 3000 rpm for 15min. Remained solid samples was 

dried in the oven at 105
0
C for 90 min. The stock solution of Zn (1000 ppm) was prepared by 

dissolving of 2.06 gr of ZnCl2 in distilled water. From this stock, 9 solutions with different pH , and 

different metal ion concentration were derivates.After high and low levels definition of each factor 

in Table 1, 30 experiments was designed by software. 

Table 1 Definitionof High and low levels of each factor 

Factors Unit First level(-1) Second level(0) Third level(+1) 

pH - 4 6.5 9 

Metal ion 

concentration 
ppm 50 150 250 

Absorbent 

concentration 
mg 20 60 100 

Stirrer speed rpm 100 200 300 

 

In this study, Atomic Absorption System 220Z (Varian- Austria) was used for obtaining of recovery 

and adsorbed heavy metal concentration. The Eq. 1 Was used for obtaining of Zn recovery 

percentage in each experiment. 

% = − 100                  (1) 

In this equation C0 and Ct are the initial and final concentration of dissolved heavy metal 

respectively. So in each experiment, The recovery amount was calculated by having an initial and 

final concentration of Zn ion [18-19]. Confidence percentage of 95% was selected as a standard to 

determine the effective parameters, So if confidence percentage for a parameter was less than 0.05, 

it means that this parameter has the valuable effect, in the other word this parameter with 

confidence percentage of 95%, is effective on adsorption of iron metal, Also this subject is recruited 

for identification of the interaction effect between factors. Then the influence of the above four 

factors on the rate of Zn adsorption recovery by Nano-Bentonite are investigated. 

Results and Discussion 

Determination of Effective Factors on the Rate of Zn Adsorption Recovery. For the 

determination of effective factors and their interactions on the rate of recovery, it should be noticed 

top-value on the result of ANOVA for each factor. If p-value is related for each factor, is low than 
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0.05 its effects is applied. The results of variance analysis in Table 2 for determination of effective 

factors on the rate of metal ion recovery were shown. 

Table 2 Analysis of Variance 

Source Sum of Squares Df Mean Square F  value p-value   Prob > F 

Model 30229.52 14 2159.25 8.53 < 0.0001 significant 

A-pH 23014.56 1 23014.56 90.94 < 0.0001 

B-metal 

concentration 
1415.51 1 1415.51 5.59 0.0319 

C-adsorbent 2377.19 1 2377.19 9.39 0.0079 

D-stirre rate 123.76 1 123.76 0.49 0.4951 

AB 1477.18 1 1477.18 5.84 0.0289 

AC 845.79 1 845.79 3.34 0.0875 

AD 6.88 1 6.88 0.027 0.8713 

BC 2.15 1 2.15 8.510E-003 0.9277 

BD 712.76 1 712.76 2.82 0.1140 

CD 26.91 1 26.91 0.11 0.7489 

A2 0.19 1 0.19 7.694E-004 0.9782 

B2 178.91 1 178.91 0.71 0.4137 

C2 46.27 1 46.27 0.18 0.6750 

D2 1.45 1 1.45 5.737E-003 0.9406 

Residual 3796.10 15 253.0   

Regression equation together with estimation coefficient in table 3 was shown by Eq. 2. 

Table 3 Estimation of Regression Coefficient 

VIF 
 

95%  

CI 

High 

95% CI 

Low 
StandardError Df 

Coefficient 

Estimate 
Factor 

 66.72 39.97 6.27 1 53.34 Intercept 

1.00 39.66 25.17 3.40 1 32.41 A-pH 

1.00 -0.79 -15.28 3.40 1 -8.04 
B-metal 

concentration 

1.00 17.66 3.17 3.40 1 10.42 C-dsorbent 

1.00 9.62 -4.87 3.40 1 2.38 D-stirre rate 

1.00 8.22 -8.01 3.81 1 0.11 AB 

1.00 1.21 -15.75 3.98 1 -7.27 AC 

1.00 9.13 -7.82 3.98 1 0.66 AD 

1.00 8.11 -8.84 3.98 1 -0.37 BC 

1.00 15.15 -1.80 3.98 1 6.67 BD 

1.00 7.18 -9.77 3.98 1 -1.30 CD 

1.00 10.18 -6.78 3.98 1 1.70 A2 

1.00 4.91 -11.32 3.81 1 -3.20 B2 

1.00 17.31 1.08 3.81 1 9.20 C2 

1.00 8.40 -7.83 3.81 1 0.29 D2 

Y=53.34+32.41A-8.04B+10.42C+0.11AB  (2) 

A, B and C are pH, metal ion concentration and absorbent concentration respectively. In this 

equation, because of the high p-value existed, the effect of some factors was deleted and the only 

amounts that have valuable rate are present. 
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Investigation of Effective Factors on the Rate of Zn Recovery by Nano- Bentonite 

The pH effect on the rate of Zn recovery. There are two main factors that with pH effect led to 

change in the rate of Zn adsorption by Nano Bentonite, the first one is impure iron metal, and the 

second is adsorbent surface. In this section the effect of pH on each mentioned factors are 

investigated separately. 

The pH Effect on Nano-Clay Adsorption Mechanism. The metal ions are hydrated in aqueous 

solution and are interacted with acids and alkalis as pH influence on distribution system of different 

species. In Fig. 1 the concentration of Zn species on the alkali pH was shown. In acidic pH , the 

concentration of H
+
 is high on the Bentonite surface and also the existence of interlayer’s cation led 

to low absorption site creation, so Zn remain in cationic form.With pH increasing in alkali 

environment, the concentration of Zn cations was reduced and ZnOH
 + 

was produced. This species 

has the positive charge and has tendency to the negative charge on the Bentonite surface. On the 

other hand interlayer cations in the Bentonite are neutralized in Hydroxide form and cant adsorbed 

on the Bentonite surface because of High repulsion of negative oxygen. 

 

 
Fig. 1 The concentration of Zn metal species on the pH 

Based on obtained results, it can be reached that with pH increasing the rate of metal ion 

adsorption was increased plenty and there are maximum adsorption in pH=9. The results of a 

regression analysis showed that this parameter present in regression equation with positive effect 

and has minimum p-value that showed it is the most effective factor because of bout having more 

coefficient in regression equation and less p-value. 

The Zn Concentration Effect on the Rate of Zn Recovery.The increase in ion concentration in 

the constant amount of adsorbent is associated with reducing in its adsorption.The results showed 

that this parameter has p-value <0.05 and the adsorbent has high effect on this factor. The negative 

coefficient for this factor showed that the adsorption reducing for a constant amount. 

The Absorbent Concentration Effect on the Rate of Zn Recovery. Regarding to that with 

increasing in absorbent concentration, the contaminant adsorption efficacy on the adsorbent was 

increased, the result of regression and variance analysis showed that this parameter has p-

value<0.05 (0.007) that is introduced as the most effective parameter after pH. 

The Effect of Stirrer Speed on the Rate of Zn recovery. As expected with increasing in the 

stirrer speed, the rate of contaminant adsorption was elevated. obtained results showed that this 

parameter has p-value> 0.05 and so it isn’t an effective parameter. The reason of this 

Phenomenonmay be using shaker with low difference in round numbers and the state of being fast 

and Physical adsorption operation. 

Investigation of Effects on the Rate of Zn Recovery.As shown above, the only interaction 

effect on the rate of Zn recovery (table3) is simultaneous effect of pH and ion concentration. Fig. 2 

shows a curve that the interaction effect of pH and metal ion concentration was investigated and 

other parameters were assumed constant. The absorbent concentration and stirrer speed were 60mg 
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and 200rpm respectively. In Fig. 3 two parameter’s interaction effect flat curve was shown. In this 

curve, the effect of each parameter is shown separately as well as interaction effects. 

 

 

Fig. 2 The curve of effect between pH and metal ion concentration 

 

 

Fig. 3 Two parameter’s effect flat curve 
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Fig. 4 Defines the effect of 4 parameters on the rate of adsorption 

As shown in Figure.4, the pH parameter has greater slope and effect than another parameter. On 

the other hand stirrer speed has the straight line and has no effect approximately. After pH, 

absorbent concentration has the highest effect and positive slope. The concentration of iron metal 

has negative slope and has adverse effect on Zn adsorption, so this parameter was deleted. 

Optimization of Effective Parameter on Zn Recovery. After analysis of effective parameter and 

type of each effect on Zn recovery, the optimized amount was proposed by Experimental Design 

software and CCD model. These amounts were shown in table 5. 

Table 5. Predicted optimized amount for each parameter by software 

No. pH 

Metal Ion 

Concentration 

(ppm) 

Adsorbent 

Concentration 

(mg) 

Stirrer Speed 

(rpm) 

ZnAdsorption 

(%) 

 

1 8.98 84 98 130 >99 

2 8.98 93 99 288 >99 

3 8.98 84 100 300 >99 

Based on Table 5, each of proposed amounts has highest percentage of adsorption and with 

performing adsorption we can reach to recovery efficacy more than99%. 

Conclusion 

The CCD model and Expert Design can analysis interaction effect of each factor also designed 

experiment can investigate identified main effects. This model can evaluate reflective effects as 

well as the effect square of each factor.For determination of effective parameter confidence interval 

of 95% as a standard was selected. So if p-value for a parameter is lowers than 0.05 it means that 

this parameter has the valuable effect. For determination of effective factors and their interaction 

effects on recovery it shod notice top-value of each factor as well as the results of ANOVA.Based 
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on obtained results pH and absorbent concentration was known as most effective parameters and 

because of fast and Physical operation, the only interaction effect on the rate of Zn recovery is 

simultaneous effect of pH and metal ion concentration and Finally the optimize condition for each 

parameter provide adoptionrecovery up to 99 percent. 
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