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ABSTRACT 

Chromium (VI) ions are the most toxic contaminants generated from electroplating, leather industrial waste waters and they 

are the main cause of hazard to humans and other living beings. In this study statistical optimization was carried using Design Expert 

for the maximum removal of chromium (VI) ions from aqueous solution using 1-butyl-3-methyimidazolium hexafluorophosphate 

([C4MIM][PF6]) in ammonium pyrrolidine dithiocarbamate (APDC).The process parameters for the extraction of chromium (VI) from 

aqueous solution were optimized by Response surface methodology. The interactions between the parameters were studied using 

Central Composite Design.The maximum % Extraction of Chromium (VI) was found to be 93 %. 
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INTRODUCTION 

Chromium (VI) is one of the world’s most major strategic and critical materials. It is being handled in several industries, 

such as leather, textile, pigment and metal plating industries. Being chromium is a carcinogen it also irritates eyes, causes 

chromosome abnormalities, liver and kidney damage. Cr exists in several oxidation states, but persists it is in the environment as Cr 

(III) & Cr (VI). Cr (VI) is highly soluble and more toxic to the environment like soil, aquatic systems and chromium is a strong 

oxidant so they are easily absorbed by skin [3]. Cr (VI) is a primary contaminant because of its toxicity to humans, animals, plants 

and microorganisms. Trivalent chromium is relatively insoluble and it is nutrient for living organisms.  

Discharge centration of chromium (VI) in metal plating industry is 127 mg/l per day. Cr (VI) discharge in textile industry is 

2.38±0.005 mg/l, but the acceptance level for Cr (VI) into the surface water is 0.1 mg/l and in drinking water is 0.05 mg/l. So the 

removal of Cr (VI) is inevitable. 

Removal of Cr (VI) ions from wastewater is usually achieved by physical and chemical processes. Solvent extraction, an 

effective separation method is employed to separate compounds based on their relative solubility in two different immiscible liquids. 

There are various parameters which affect the extraction efficiency such as pH, agitation speed, feed concentration, and treat ratio and 

temperature. The maximum percentage removal of Cr is obtained when all these parameters have optimized values. These values can 

be estimated either by experiments involving the variation in the value of one parameter at a time while keeping other parameters at 

constant values or by using response surface methodology. Optimization methods determine a single factor at a time while fixing all 

other variables at one level. Response surface methodology (RSM) is a statistical tool, effective for responses that are influenced by 

many factors and their interactions. RSM not only provides the optimum level for each variables it also estimates interactions. This 

methodology cuts down the number of experiments without affecting the interactions among the parameters. RSM has been used to 

optimize the parameters such as fermentation, biosorption of metals, oxidation and catalyzed reaction conditions. It has also been a 

useful tool to optimize the parameters such as temperature, pH, stirring speed, concentration, and treat ratio. 

The aim of the present work was to investigate the statistical optimization of batch extraction of chromium (VI) using 1-

butyl 3-methyimidazolium hexafluorophosphate in ammonium pyrrolidine dithiocarbamate. Parameters affecting the extraction 

system were optimized using Central Composite Design and the interaction plots were studied. 

MATERIALS AND METHODS 

Chemicals:All solutions are prepared by distilled water. Stock standard solutions of Cr (VI) were prepared by dissolving 

corresponding K2Cr2O7. The Diphenyl carbazide, ionic liquid 1-butyl 3-methyimidazolium hexafluorophasphate and Ammonium 

Pyrrolidine dithiocarbamate were purchased from Merck. Diphenyl carbazide solution prepared by dissolving 250mg 1, 5-Diphenyl 

carbazide in 50 ml acetone. pH was adjusted using buffer solutions. 

Experimental: A stock solution of chromium was prepared by dissolving 141.345 mg of potassium dichromate (K2Cr2O7) in 100 ml 

of distilled water. Ammonium Pyrrolidine dithiocarbamate was prepared by dissolving 0.2 g of APDC in 50 ml of distilled water (20). 

15ml of stock solution was taken for extraction. Exactly 200μl of ionic liquid (1-butyl 3-methyimidazolium hexafluorophosphate) and 

2ml of APDC (Ammonium pyrrolidine dithiocarbamate) was also taken in the same beaker. The extraction was carried out for 35mins 

and at the pH value of 6, feed concentration of 10 mg/L, agitation speed 600 rpm, and treat ratio value of 2%.  Then the sample was 

centrifuged and aqueous and organic phase was separated and aqueous phase was taken for UV analysis. Concentrations were 

calculated using the calibration chart. Efficiency of the extraction process was evaluated by the following equation.  

                                (1) 

where Ci and cf refers initial and final concentration of solute in aqueous solution. 

Multivariate Experimental Design: Design - Expert 8.0.7.1 software was used to analyse the best fit data and to estimate the 

optimal value of the independent variables. RSM was preferred to carryout percentage removal of chromium from aqueous solution 

CCD at 5 levels, 4 factors were selected as independent variables and the interaction of variables were estimated. 30 runs was carried 

out to fit the general model of equation (1) and to obtain economically optimum conditions for the removal efficiency. 
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                                                  (2) 

 where Y  (the response or dependent variables) is the removal efficiency (%),  – constant co-efficient,  - linear co-

efficient,  – co-efficient of squared effect,  is the co-efficiency of interaction efficiency &  &  are the coded values of 

variables i & j respectively. 

 The statistical analysis of the results was carried out by ANOVA. It evaluates the model and its parameters. The statistical 

significance was established by the F-test in the program. The model terms were selected or rejected based on the probability value 

with 95% confidence level. Eventually, the response surface contour plots are generated in order to visualize the individual and the 

interactive effects of the variables. 

RESULT AND DISCUSSION 

          Table 1 shows the extraction of Chromium ions were determined using RSM with CCD. Percentage of chromium removal 

model equation was expressed as equation (2). Where Y is the Extraction of chromium ions, A is the Agitation Speed, B- is the pH, 

C- is the treat ratio, D- is the feed concentration. The predicted values calculated from Eq. (2) were in very good agreement with the 

experimental values, as shown in Fig. 1. The significance of the quadratic model were tested using ANOVA. The results are shown in 

Table 2.  

      (3) 

 
Fig. 1- Predicted versus Actual values for percentage removal of Chromium (VI) 

The value of regression coefficient (R2= 0.992) is closer to one and indicates that the correlation is well-matched in 

predicting the values for the extraction system and the predicted values are found to be closer to the experimental results. As shown in 

Table 2, the Model F-value of 145.56 implies the model is significant. There is only a 0.01% possibility that a “Model F-Value” this 

large can occur due to noise. Values of “Prob > F” less than 0.0500 shows the model conditions are significant. In this case A, B, C, 

AB, AD, BC, BD, CD, A2, B2, C2 and D2 are significant model terms. The model terms indicates greater than 0.1000 are not 

significant. The "Lack of Fit F-value" of 14.92 implies the Lack of Fit is significant.  There is only a 0.75% chance that a "Lack of Fit 

F-value" this large could occur due to noise. The “Pred R-Squared” of 0.9579 is in logical conformity with the “Adj R-Squared” value 

of 0.9858.  

“Adeq Precision” measures the signal to noise ratio. A ratio of 48.749 indicates an adequate signal which is greater than 4 is 

desirable [19].The response surface curves indicate the interaction of the variables and also determine the optimum level of variables 

for maximum response. These plots for significant interaction between the variables against % extraction of Cr were illustrated from 

Fig. 2-7. 

The contour plot in Fig.2 illustrates the interaction between speed and pH. The parabolic nature of contours implies that the 

interaction between both the variables is significant. The speed and pH, both cause the increase in the extraction % when their values 

were increased from lower level to up to a certain point, then it decreases. Maximum percentage extraction of 92 was obtained at pH 

value of 6 and 650rpm. 

Fig. 3 shows the interaction between speed and feed concentration. Circular contours of the figure implies that the interaction 

between the parameters are not significant. Hence, the optimum values of the variables are not easy to find. Maximum percentage 

extraction of 92 was obtained at 650 rpm and feed concentration of 14 ppm. 
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Table.1.CCD matrix along with experimental values of % extraction of Cr(VI) ions 

Run 
Speed (A) 

pH (B) 
Feed Concentration (C) 

Treat ratio (D) 
% Extraction of Chromium (%) 

Rpm Ppm Experimental Predicted 

1 -1 -1 -1 -1 76 75.58 

2 -1 1 1 1 73 73.62 

3 -1 1 1 -1 78 77.42 

4 1 1 -1 -1 83 82.08 

5 0 0 0 0 93 93.00 

6 -1 -1 1 1 78 79.08 

7 0 0 0 2 86 84.79 

8 1 -1 1 -1 83 84.08 

9 0 1 -2 0 88 88.79 

10 0 1 0 0 93 93.00 

11 0 -2 0 0 65 64.79 

12 0 0 0 0 93 93.00 

13 1 1 1 1 72 72.58 

14 0 0 0 0 93 93.00 

15 0 0 0 -2 83 84.63 

16 0 0 0 0 93 93.00 

17 -1 -1 -1 1 84 84.29 

18 2 0 0 0 90 90.29 

19 1 -1 -1 1 86 86.75 

20 1 -1 1 1 84 83.29 

21 0 2 0 0 58 58.62 

22 1 -1 -1 -1 84 82.79 

23 0 0 2 0 83 82.63 

24 1 1 -1 1 78 78.29 

25 -2 0 0 0 84 84.13 

26 -1 1 -1 1 82 81.08 

27 -1 -1 1 -1 76 75.13 

28 0 0 0 0 93 93.00 

29 -1 1 -1 -1 80 80.12 

30 1 1 1 -1 82 81.13 

 

Table.2.ANOVA  for response surface quadratic model for % extraction of Cr (VI) ions 

Source Sum of Squares Df 
Mean F p-value 

 Square Value Prob > F 

Model 2026.55 14 144.75 145.56 < 0.0001 Significant 

A-Speed 57.04 1 57.042 57.36 < 0.0001 
 

B-Ph 57.042 1 57.042 57.36 < 0.0001 
 

C-Feed Concentration 57.042 1 57.042 57.36 < 0.0001 
 

D-Treat ratio 0.042 1 0.042 0.041 0.8406 
 

AB 27.56 1 27.56 27.71 < 0.0001 
 

AC 3.06 1 3.06 3.08 0.0997 
 

AD 22.56 1 22.56 22.69 0.0003 
 

BC 5.06 1 5.06 5.09 0.0394 
 

BD 60.06 1 60.06 60.39 < 0.0001 
 

CD 22.56 1 22.56 22.68 0.0003 
 

A^2 57.5 1 57.5 57.82 < 0.0001 
 

B^2 1678.57 1 1678.57 1687.95 < 0.0001 
 

C^2 91.14 1 91.145 91.65 < 0.0001 
 

D^2 117.86 1 117.86 118.52 < 0.0001 
 

Residual 14.92 15 0.99 
   

Lack of Fit 14.92 10 1.497 
   

Pure Error 0 5 0 
   

Cor Total 2041.46 29 
    

SD = 0.9975, mean = 82.46, Coefficient of variation % = 1.209, R squared = 0.993, Adjusted R squared =0.9858 , Predicted R 

squared =0.9579, Adequate Precision = 48.749 

Response surface plots or (interactions and optimization of the variables) 
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Figure.2.The 3D plot showing the effects 

of speed, pH and their mutual 

interaction on extraction of chromium 

(VI) 

Figure.3.The 3D plot showing the effects 

of speed, feed concentration and their 

mutual interaction on extraction of 

chromium (VI) 

Figure.4.The 3D plot showing the effects 

of speed, treat ratio and their mutual 

interaction on extraction of chromium 

(VI). 

 

 

  
 

Figure.5.The 3D plot showing the effects 

of pH, feed concentration and their 

mutual interaction on extraction of 

chromium (VI) 

Figure.6.The 3D plot showing the effects 

of pH, treat ratio and their mutual 

interaction on extraction of chromium 

(VI) 

Figure.7. The 3D plot showing the 

effects of feed concentration, treat ratio 

and their mutual interaction on 

extraction of chromium (VI) 

 

Fig.4 demonstrates the interaction between speed and treat ratio. % Extraction of Cr (VI) increases up to a certain value. 

However, it decreases with further increment. Since contours are parabolic, the interaction between them is significant. Maximum 

percentage extraction of 92 was obtained at 650 rpm and Treat ratio of 3 (v/v %). The interaction between pH and feed concentration 

is, as shown in Fig. 5. A parabolic contour signifies that the interaction between them is significant.Maximum percentage extraction 

of 95 was obtained at pH 6 and feed concentration of 15 ppm. 

The contour plot in Fig. 6 shows that interaction between pH and treat ratio. In the figure, the parabolic nature of contours 

implies that the interaction between both the variables is significant.. Maximum percentage extraction of 95 was obtained at pH 6 

Treat ratio of 3 (v/v %). Fig 7 demonstrates the interaction between feed concentration and treat ratio. % Extraction of Cr (VI) 

increases up to a certain value. However, it decreases with further increment. Since contours are parabolic, the interaction between 

them is significant. Maximum percentage extraction of 92 was obtained at 3(v/v %) and feed concentration of 14 ppm. 

The plotted response surface curves were used to understand the interaction of the variables and to determine the optimum 

level of each variable for a maximum response. Each 3D plot represents the number of combinations of the two-test variable. The 

maximum percentage extraction of chromium (VI) is indicated by the surface confined in the smallest curve of the plot with the other 

variable maintained at zero levels. It is evident to the elliptical nature of the contours that the interaction between the individual 

variables is significant. Under the optimal condition the maximum predicted efficiency was 93 %. 

CONCLUSION  
Statistical optimum conditions and interaction between the parameters was achieved by response surface method for the 

removal of chromium (VI) ions from aqueous solution. ANOVA showed a high R2 value of regression model equation (R2=0.993) 

which ensures a sufficient adjustment of the model with the experimental data. Thus, the quadratic model equation could explain the 

% extraction of chromium (VI) ions with a high level of significance. The Maximum % extraction of Chromium (VI) was found to be 

93%. 
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