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ABSTRACT 

In this study, the central composite design matrix and response surface methodology (RSM) have been applied to design the 

experiments to evaluate the interactive effects of five most important operating variables: sorbent size (0.176 - 1.503 mm), sorbent 

dosage (30 -70 g/l), temperature (25 - 45°C), contact time (2 - 10 hrs) and agitation speed (50 - 250 rpm) for full response surface 

estimation on biosorption of chromium (VI) ion using the dry biomass of Turbinaria conoides. The total 52 experiments were 

conducted towards the construction of a quadratic model. Independent variables have significant value 0.0001 which indicates the 

importance of these variables in the biosorption process. Batch mode experiments were carried out to assess the biosorption 

equilibrium. The optimum conditions for maximum uptake of chromium (VI) ions from an aqueous solution of 100 mg/L were as 

follows: sorbent size (0.176 mm), sorbent dosage (4.321 g), temperature (34°C), contact time (4 hours 20 minutes) and agitation 

speed (250 rpm).  
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Introduction: 

Environmental pollution owing to toxic heavy metals in water is a main worldwide problem. Heavy metal ions cannot be 

despoiled; hence they occur in all parts of the environment. Elimination of heavy metal ions from industrial effluents to allowable 

limit before discharging them into environment is most important for protection and conservation of our resources and ecosystem. 

Chromium is one of the metal ions which occur in trivalent and hexavalent forms (X. Han, 2007). Cr(VI) is more toxic and highly 

soluble than Cr(III). Cr (VI) causes cancer in digestive tract and lungs (K. Mohanty, 2006). Therefore, it is essential to remove Cr(VI) 

from industrial wastewater before disposal. Sources of chromium species are commonly found in many industries such as leather 

tanning, aluminium productions, dye, electroplating, chromate manufacturing, metal cleaning and processing (M.Y. Arica, 2005; N. 

Ertugay, 2008; M. Jain, 2009). Conventional methods for eliminating Cr (VI) ions from wastewater include, physical and physico-

chemical treatment technologies such as ion exchange, electro dialysis, membrane filtration, reverse osmosis, chemical precipitation 

and adsorption (S. Tunali, 2005). The main disadvantages of the above mentioned conventional treatment methods are high capital 

investment as well as frequent expenses and unproductive metal removal, generation of toxic sludge or other waste products that 

require safe disposal. Continuous search for other effective novel techniques has directed attention to biosorption, a feasible method 

for removal of metal ions (F. Veglio, 2008). Biosorption has numerous discrete advantages such as high efficiency, complete removal 

of metal ions even at low concentrations, low retention time and improved selectivity for removal of heavy metals from effluent 

irrespective of toxicity (Sari, M, 2008). Biosorbeents is used not only removes toxic heavy metals but also for the recovery and reuse 

of expensive metals such as gold and silver (Volesky, 1994). Literatures illustrates that several biological materials such as nonliving 

biomass(bark, lignin, peanut hulls etc.,) and living biomass (fungi, bacteria, yeast, moss, aquatic plants and algae etc.,) were examined 

for the removal of heavy metals (M. Nourbakhsh, 1994). The main objective of this study was to acquire the potential of the marine 

algae Turbinaria conoides to remove hexavalent chromium ions from aqueous solutions. The consequence of temperature, sorbent 

dosage, contact time, sorbent size and agitation speed was analyzed using a factorial experimental design. The factorial experimental 

design methodology involves transforming all variables from one experiment to the other. As the variables can influence each other 

and the ideal value for one of them can depend on the values of the others, the interaction between the parameters was studied and 

optimized utilizing response surface methodology. 

MATERIALS AND METHODS 

Adsorbent: Raw T.Conoides was collected from CSMCRI (Central Salt and Marine Chemical Research Institute) marine algae 

research station (Mandapam, Tamilnadu, India). The collected algae was washed with deionized (DI) water and sun dried for ten 

days. Dry algae were then chopped in to small pieces and were pulverized using domestic mixer. The samples were then grounded in 

the range of 0.176mm to 1.503mm particle size were utilized for sorption experiment without any chemical pretreatment. 

Adsorbate: The stock solution containing 1000 ppm of Cr (VI) was prepared by dissolving required amount of AR Grade K2Cr2O7 in 

DI double distilled water. Required initial concentration of Cr (VI) standards were prepared by appropriate dilution of the above stock 

Cr (VI) standard solution. The concentrate in the test solution was determined spectrophotometer at wave length corresponding to the 

maximum absorbance 540 nm (APHA., 1995).  

Experimental design by RSM: A full factorial design, which follows all viable factor combinations in each of the factors, is a 

efficacious tool for interpreting complex processes for describing factor interactions in multifactor systems. RSM is an empirical 

statistical technique employed to screen variables, to determine the main effects and interaction effects of different variables and to 

develop an empirical model for a given process. The experiments with various temperature, sorbent size, contact time, sorbent dosage 

and agitation speed were employed simultaneously covering the spectrum of variables for the removal of chromium in the Central 

Composite Design. The coded values of the process parameters were determined by the following equation: 

𝑥𝑖 =  
𝑋𝑖−𝑋0 

∆𝑋
    (1) 
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Where xi - coded value of the ith variable, Xi – uncoded value of the ith test variable and X0 - uncoded value of the ith test variable at 

center point. The range and levels of individual variables were given in Table 1. The design of experiment was given in Table 2. along 

with experimental data with predicted responses. The regression analysis was performed to estimate the response function as a second 

order polynomial. 

Y =  β0 +  ∑ βiXi
𝑘
𝑖=1 + ∑ βiiXi

2k
i=1 + ∑ ∑ βijXi

𝑘

𝑗=2
Xj  

𝑘−1

𝑖=1

    (2) 

 where Y is the predicted response, βi, βj, βij are coefficients were computed from regression, they implies the linear, quadratic and 

cross products of x1,x2,x3 on response.  

A statistical program package Design Expert 8.0. was used for regression analysis of the data obtained and to evaluate the coefficient 

of the regression equation. The equations were validated by ANOVA (analysis if variance) analysis. The significance of each term in 

the equation is to determine the morality of fit in every system. Response surfaces were drawn to estimate the individual and 

interactive effects of test variable on percentage removal of chromium (VI). The optimal values of the test variables were first 

obtained in coded units and then converted to the uncoded units. 

Experimental procedure: Removal of Cr (VI) ions from the known concentration of aqueous solutions onto T.Conoides was 

performed on the batch scale. Experiments were carried out as per the design expert software. For each 100 ml solution, a desired 

quantity of T.Conoides was added in 250 ml volumetric flask. The mixture was agitated on the mechanical shaker. After biosorption, 

the contents of the beakers were centrifuged at 4000 rpm for 3 min and the sorbent was successfully separated from aqueous solution. 

The supernatant of the solutions were analyzed for residual metal ion concentration using an UV-Vis spectrophotometer at 540nm. 

From the noted absorbance value the initial and final concentration of the metal ions were determined. The response, i.e., removal 

efficiency of Turbinaria conoideswas calculated as 

𝑌(%) =  
𝐶0− 𝐶𝑖

𝐶0
 ×  100   (3) 

Where Co, Ci are the initial and final concentration of metal ion. All experiments were carried out in triplicate and the mean values 

were reported. 

The process variables temperature, sorbent dosage, contact time, sorbent size and agitation speed were optimized and at these 

optimized conditions, the effect of pH and initial metal ion concentration were studied. The amount of equilibrium adsorption, qe 

(mg/g), was calculated by: 

𝑞𝑒 =  
𝑉(𝐶0− 𝐶𝑒)

𝑀
        (4) 

where C0 and Ce (mg/l) are the liquid-phase concentrations of Cr(VI) at initial and equilibrium,  respectively. V (l) is the volume of 

the solution and M (g) is the mass of dry sorbent used. 

RESULTS AND DISCUSSION 

The Model F-value of 102.63 implies the model is significant.  There is only a 0.01% chance that a "Model F-Value" this 

large could occur due to noise. Values of "Prob > F" less than 0.0500 indicate model terms are significant. In this case C, D, E, AC, 

AD, AE, BC, BD, BE, CD, CE, DE, A2, C2, D2, E2 are significant model terms. Values greater than 0.1000 indicate the model terms 

are not significant. The "Pred R-Squared" of 0.9409 is in reasonable agreement with the "Adj R-Squared" of 0.9755."Adeq Precision" 

measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your ratio of 39.501 indicates an adequate signal.  This model 

can be used to navigate the design space. An empirical relationship between the response and the independent variables have been 

expressed by the following quarderic model biosorption of  Chromium(VI) = 78.44 + 0.24*A - 0.042*B + 1.36*C + 0.32*D - 3.14*E 

+ 0.17*A*B - 2.35*A*C - 1.02 *A*D - 0.69*A*E - 0.87*B*C + 2.44*B*D + 2.01*B*E - 0.58*C*D - 1.64*C*E - 1.26*D*E - 

2.16*A2 - 0.16*B2
 - 1.5*C2 - 1.45*D2 - 2.42*E2 (5) 

Table 1. Experimental range and levels of independent variables. 

Independent variable Range and levels 

 -2.378 -1 0 1 2.378 

Sorbent dosage,  g/l00 ml A 3 4 5 6 7 

Average sorbent size, mm B 1.503 1.057 0.564 0.389 0.176 

Agitation speed, rpm C 50 100 150 200 250 

Temperature, °C D 25 30 35 40 45 

Contact time, hrs E 2 4 6 8 10 
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Table.2.Experimental design in term of coded factors and results of central composite design (CCD) 

Std. Order Obs A B C D E % Cr (VI) Removal 

23 1 0.00 0.00 0.00 0.00 0.00 78.57 

52 2 1.00 1.00 -1.00 -1.00 1.00 65.23 

38 3 1.00 -1.00 -1.00 1.00 1.00 63.33 

37 4 -1.00 -1.00 1.00 -1.00 -1.00 85.11 

51 5 1.00 1.00 1.00 -1.00 1.00 62.44 

40 6 -1.00 -1.00 -1.00 -1.00 1.00 58.66 

44 7 -1.00 -1.00 1.00 -1.00 1.00 63.33 

5 8 0.00 0.00 0.00 0.00 0.00 78.57 

13 9 0.00 0.00 0.00 0.00 0.00 78.57 

43 10 -1.00 1.00 1.00 -1.00 -1.00 62.22 

3 11 -1.00 1.00 -1.00 -1.00 1.00 65.44 

15 12 1.00 -1.00 1.00 1.00 1.00 55.77 

10 13 1.00 -1.00 1.00 1.00 -1.00 76.55 

28 14 0.00 0.00 0.00 0.00 2.38 68.27 

50 15 -1.00 -1.00 -1.00 -1.00 -1.00 67.25 

39 16 -1.00 1.00 1.00 -1.00 1.00 68.55 

31 17 0.00 0.00 0.00 0.00 0.00 78.57 

27 18 1.00 -1.00 -1.00 -1.00 -1.00 63.88 

34 19 0.00 0.00 0.00 0.00 0.00 78.57 

29 20 -2.38 0.00 0.00 0.00 0.00 69.72 

19 21 -1.00 1.00 1.00 1.00 -1.00 70.23 

24 22 0.00 -2.38 0.00 0.00 0.00 89.05 

35 23 0.00 0.00 0.00 0.00 0.00 78.57 

32 24 0.00 0.00 0.00 0.00 0.00 78.57 

41 25 1.00 -1.00 1.00 -1.00 1.00 59.36 

11 26 -1.00 -1.00 1.00 1.00 1.00 65.88 

20 27 -1.00 -1.00 -1.00 1.00 -1.00 69.99 

2 28 1.00 1.00 -1.00 1.00 -1.00 76.55 

8 29 0.00 0.00 0.00 0.00 -2.38 77.55 

21 30 1.00 1.00 -1.00 -1.00 -1.00 69.55 

25 31 1.00 -1.00 -1.00 1.00 -1.00 69.00 

16 32 -1.00 1.00 -1.00 1.00 -1.00 72.37 

17 33 1.00 1.00 1.00 -1.00 -1.00 82.57 

26 34 -1.00 1.00 1.00 1.00 1.00 73.55 

14 35 -1.00 -1.00 1.00 1.00 -1.00 74.66 

33 36 2.38 0.00 0.00 0.00 0.00 67.55 

1 37 0.00 0.00 0.00 0.00 0.00 78.57 

6 38 -1.00 1.00 -1.00 1.00 1.00 67.55 

49 39 1.00 1.00 1.00 1.00 1.00 65.66 

42 40 0.00 2.38 0.00 0.00 0.00 78.56 

9 41 0.00 0.00 -2.38 0.00 0.00 67.56 

48 42 0.00 0.00 2.38 0.00 0.00 73.44 

45 43 1.00 -1.00 -1.00 -1.00 1.00 83.33 

47 44 0.00 0.00 0.00 -2.38 0.00 79.55 

18 45 0.00 0.00 0.00 2.38 0.00 78.55 

46 46 -1.00 1.00 -1.00 -1.00 -1.00 55.77 

22 47 0.00 0.00 0.00 0.00 0.00 78.57 

30 48 1.00 1.00 1.00 1.00 -1.00 61.99 

12 49 1.00 1.00 -1.00 1.00 1.00 67.55 

36 50 -1.00 -1.00 -1.00 1.00 1.00 58.55 

4 51 0.00 0.00 0.00 0.00 0.00 78.57 

7 52 1.00 -1.00 1.00 -1.00 -1.00 63.55 
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Response surface estimation for maximum removal of chromium (VI): The biosorption capacities of the marine algae over 

different combinations of independent variables were visualized through three-dimensional view of response surface plots (Fig.1). 

Response surface plots were represented as a function of two factors at a time, maintaining other factors at fixed levels. The response 

surface curves were plotted to know the interaction of the variables and to find the optimum level of each variable for maximum 

response. The nature of the response surface curves indicates the interaction between the variables. The elliptical and circular shape of 

the curve shows good and no interaction between the two variables. From figures it was observed that the elliptical nature of the 

contour in graphs depicted the mutual interactions of all the variables. There was a relative significant interaction between every two 

variables, and there was a maximum predicted yield as indicated by the surface confined in the smallest ellipse in the contour 

diagrams. The response surface curves were plotted to know the interaction of the variables and to find the Optimum conditions for 

percentage removal of chromium (VI) using T.Conoides biomass were obtained by using RSM. Second order polynomial models 

obtained in this study were utilized for each response in order to find the optimum conditions. The optimum values obtained by 

substituting the respective coded values of variables are: sorbent size (0.176 mm), sorbent dosage (4.321 g), temperature (34°C), 

contact time (4 hours 20 minutes) and agitation speed (250 rpm). At this condition the maximum percentage chromium removal was 

calculated. The sequential quadratic programming in MATLAB 7 is utilized to solve the second-degree polynomial regression Eq. (5). 

The optimal values predicted from the MATLAB were found to be within the design region. This showed that the model acceptably 

explains the influence of the selected variables on the percentage removal of chromium (VI) 

 

Table 3.Analysis of variance (ANOVA) for response surface quadratic Model 

Source Sum of square DF Mean square F P>F 

Model 1954.34 20 97.72 102.63 < 0.0001 

A-Sorbent Dosage 2.42 1 2.42 2.55 0.1208 

B-Sorbent Size 0.077 1 0.077 0.081 0.7775 

C-Agitator speed 79.63 1 79.63 83.63 < 0.0001 

D-Temperature 4.43 1 4.43 4.66 0.0388 

E-Contact time 428.44 1 428.44 449.98 < 0.0001 

AB 0.93 1 0.93 0.98 0.3302 

AC 176.03 1 176.03 184.88 < 0.0001 

AD 33.21 1 33.21 34.87 < 0.0001 

AE 15.02 1 15.02 15.77 0.0004 

BC 24.05 1 24.05 25.25 < 0.0001 

BD 190.25 1 190.25 199.81 < 0.0001 

BE 128.95 1 128.95 135.43 < 0.0001 

CD 10.78 1 10.78 11.32 0.0021 

CE 86.41 1 86.41 90.76 < 0.0001 

DE 50.95 1 50.95 53.51 < 0.0001 

A2 272.75 1 272.75 286.46 < 0.0001 

B2 1.53 1 1.53 1.61 0.2141 

C2 146.40 1 146.40 153.77 < 0.0001 

D2 122.91 1 122.91 129.09 < 0.0001 

E2 343.20 1 343.20 360.45 < 0.0001 

Residual 29.52 31 0.95   

Lack of Fit 29.52 22 1.34   

Pure Error 0.000 9 0.000   

Cor Total 1983.86 51    
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Fig 1. 3D surface plots 
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