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Abstract— In the present study, the Vernonia cinerea was 

used as low cost adsorbent for the removal of Phenol Red. 

The source of pollution lies in the rapid increase in the use of 

synthetic dyes. These wastes spoil the natural habitat of the 

aquatic species, the best practice for the removal of dyes and 

heavy metals is considered for the present investigation is 

Biosorption Hyptis Suaveolens powder is used for the 

removal of Tiatan Yellowdye from aqueous solution. The 

parameters investigated includes, agitation time, biosorbent 

size, pH, initial concentration of dye, dosage of biosorbent 

and temperature. The Kinetic study incorporated lagergren 

first order and pseudo second order models. The study also 

included thermodynamics and isotherms like Langmuir, 

Freundlich and Temkin. The experimental data was 

correlated for regression analysis and the data was extremely 

well fitted. 

Key words: Biosorption, Phenol Red Dye, Vernonia Cinerea 
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I. INTRODUCTION 

An undesirable change in the environment affecting life 

caused by pollutants has been of great concern now a days. 

Organisms can adapt to small changes in environment. But if 

the changes are on a large scale the results will be serious. 

Pollution is not a recent problem. Pollution exists right from 

the time when life arose. Along with rapid progress in 

industrialization, urbanization and population growth, the 

problem of pollution is rapidly becoming serious and 

dangerous. Pollution is a slow poison. Pollution may 

endanger the existence of living organisms including humans. 

It is aptly said that pollution is the price paid by us towards 

social development through scientific advancement. 

Pollution is a peril of our society. It is a peril out of scientific 

achievements applied to improvement of human facilities. 

But the cycle of human social development is irreversible. 

Whatever process we adopt and whatever phase we pass in 

the course of human development - they are irreversible. Be 

it urbanisation, be it industrialisation, or be it health 

awareness programme - nothing can be reversed even if at 

some stage they are seen to add problems to human welfare 

in reality. One of such social maladies caused by all round 

development of human society is pollution. It is a part of most 

developmental programmes undertaken for development of 

human society based on scientific achievements. Science 

aims at creating better society. It creates better society but 

leaves some form of challenging questions defeating the basic 

objectives of human welfare. Pollution is one such well 

pervaded problem and challenging all aspects of human life 

packed up with many human welfare programmes. The 

increase of industrial activities has accentuated 

environmental pollution problems [1] causing the 

deterioration of several ecosystems with the accumulation of 

many pollutants, such as toxic metals [2]. Heavy metals, such 

as lead, copper and cadmium, are a sanitary and ecological 

threat. They are highly toxic and recalcitrant even at very low 

concentrations and they can pollute drinking water resources 

[3]. Among these Lead is extremely toxic, which makes it a 

hazardous environmental pollutant [4]. The pollutant is 

introduced into natural waters by a variety of industrial 

wastewaters including those from battery, paper and pulp, 

mining, electroplating, metallurgical finishing, dyeing, 

storage-battery and automotive industries. It directly enters 

the water bodies through the effluent discharges and causes a 

marked increase in concentrations [5,6]. Research is therefore 

important to fully understand systems and technologies for 

their removal. Conventional technology for removing metals 

from solutions includes precipitation in the form of oxides, 

hydroxides, carbonates, or sulphides, and separation by 

settling. This approach, however, has several limitations, 

such as inefficient precipitation when metals are present as 

anions or are complexes, final concentration imposed by the 

solubility product, and formation of unsettleable particles [7]. 

Traditional methods for removing heavy metals, including 

chemical precipitation and filtration, redox reactions, 

electrochemical treatments, reverse osmosis, ion exchange, 

adsorption and evaporation, are generally expensive or 

inadequate for treating highly diluted solutions. Biosorption 

is an alternative process for the treatment of this kind of 

effluents. It is defined as the passive binding of metals or 

other compounds on a biosorbent (biomass) containing 

chemically active sites or functional groups [8]. Dead 

biomass has higher metal uptakes and the process is nutrient 

independent [9]. Agricultural or other low-cost and readily 

available residual materials, such as alginate and algae, can 

be used as biosorbents. 

II. EXPERIMENTAL PROCEDURE 

The present experimentation is carried out both batch-wise 

and column, on biosorption of Indigo caramine dye from 

aqueous solutions on the biosorbent – hypnea musciformis 

powder. 

The experimental procedure consists of the following steps: 

a) Preparation of the bisorbent 

b) Characterization of biosorbent 

c) Preparation of the stock solutions 

d) Studies on Equilibrium Biosorption Process 

A. Preparation of the Bisorbent 

Vernonia cinerea leaves were collected from Jodugulla palem 

beach, near Tenneti Park, Visakhapatnam. The collected 

biosorbent was washed with water several times until the dirt 

particles are removed and finally washed with distilled water. 

The biosorbent was dried in sun light for fifteen days, cut into 

small pieces, powdered and sieved. In the present study, the 
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obtained powder was used as biosorbent without any 

pretreatment. 

B. Characterization of Biosorbent 

Biosorption of Phenol Red dye using Vernonia cinerea 

powder has many affecting factors which include 

characterization (FTIR, XRD, SEM), Biosorbents were 

characterized by FTIR spectrometry using Spectrum GX of 

Perkin Elmer, XRD patterns were recorded from 10 to 700 

For SEM studies, the dried powders and the corresponding 

loaded powders were first coated with ultra-thin film of gold 

by an ion sputter JFC-1100 and then were exposed under a 

Japanese make electron microscope (JEOL, JXA-8100) 

equilibrium studies (agitation time, biosorbent size, pH, 

initial concentration, biosorbent dosage, temperature), 

Isotherms (Langmuir, Freundlich, Temkin), Kinetics 

(Lagergren First Order, Pseudo Second Order), 

Thermodynamics (Entropy, Enthalpy and Gibb’s Free 

Energy) and Optimization using Central Composite Design. 

XRD patterns were recorded from 10 to 700. 

C. Preparation of Stock Solution 

The standard stock solution of Titan Yellow dye (1000 mg/L) 

was prepared by dissolving 1.0 g of 99.9 % analytical grade 

Titan Yellow dye in 1000 mL of distilled water. The 

concentration of dye in the aqueous solution was varied from 

20 to 200 mg/L by diluting the stock solutions with required 

quantity of deionized water. The pH of the working solution 

was adjusted using either 0.1 N HCl or 0.1N NaOH. 

D. Studies on Equilibrium Biosorption Process 

The biosorption was carried out in a batch process by adding 

a pre-weighed amount of the Vernonia cinerea powder to a 

known volume of aqueous solution for a predetermined time 

interval in an orbital shaker. The procedures adopted to 

evaluate the effects of various parameters via. Agitation time, 

biosorbent size, pH, initial concentration, biosorbent dosage 

and temperature of the aqueous solution on the biosorption of 

Phenol Red dye were evaluated using single step optimization 

process 

S. 

No. 
Parameter Values Investigated 

1 
Agitation time, t, 

min 

5, 10, 15, 20, 25, 30, 30, 

50, 60, 90, 120, 150 and 

180 

2 
pH of the aqueous 

solution 
2, 3, 3, 5, 6, 7 and 8 

3 

Initial dye 

concentration, Co, 

mg/L 

20, 50, 100, 150 and 200 

3 
Biosorbent dosage, 

w, g/L 

10, 20, 25, 30, 35, 30, 50, 

60 and 80 

5 Temperature, K 
283, 293, 303, 313 and 

323 

Table 1: Experimental Conditions for Biosorption of MR 

Dye 

III. RESULTS & DISCUSSIONS 

A. Effect of Contact Time 

The Decolourization of Dye Phenol Red on to Vernonia 

cinerea Powder was studied as a function of contact time at 

Room temperature. 50 ml of 20 mg/L Dye solution at 

different time intervals ranging from 5 min to 180 hrs. The 

rate of adsorption becamegradually slower and reached an 

exhaust stage, resulting constant value. The results obtained 

are shown in figure 3.1. As a result of the experiment, the 

highest % Removed for the DyePR was 64%, at the time of 

50 min. The dye uptake was increase up to0.4 to 1.28 mg/g 

capacities were shown in fig. 5.35.The rapid uptake of the dye 

indicates that the sorption process could be ionic in nature 

where the anionic dye molecules bind to the various 

positively charged organic functional groups present on the 

surface of the bp-Ag-nps [10-14]. 

 
Fig. 3.1: Effect of Agitation Time on % Removal of PR Dye 

B. Effect of Size of Biosorbent (dp): 

The effect size of biosorbent on the removal of PR dye onto 

Vernonia cinerea powder was studied at dosage of 0.5g/L. A 

graph was drawn between % removal of dye against size of 

biosorbent in fig-3.2 and for the fixed initial concentration of 

solution at 10 mg/L, pH of 6, for the fixed volume of 50 ml 

of solution at an agitation time of 50 min. The equilibrium 

time for Vernonia cinereal powder PR dye system is 53 um, 

the % removal of PR dye decrease 44 % to 64 % to size of 

biosorbent increases 152 to 53 um. The % removal and dye 

uptake were 1.28 to 0.88 mg/g as follows It is cleared from 

the plots that % removal drops with size of biosorbent. It is 

due to less surface area available at higher size of biosorbent. 

And uptake also decreasing with size of sorbent [15-19]. 
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Fig. 3.2: Effect of size on % removal of PR dye 

C. Effect of pH 

The pH parameter has been identified as one of the most 

important parameter that is effective on Dye decolourization. 

In order to find the effect of pH on Dye Decolourization using 

the Vernonia cinereal power experiments have been carried 

out at various initial pH values and results are given in figure 

3.3.The removal was increased from 43 % to 64 % as pH was 

increased from 2 to 7, The pH is varied for every dye used 

with the broth solution Vernonia cinerea power whereas 

further increase in pH had a negative effect. The maximum % 

removal was found to be 64 % at pH 7 for PR Dye. Therefore, 

the remaining all experiments were carried out at this pH 

value. 

This can be explained that at a lower pH, positive 

charges of the biomass PR dye to attraction between the 

anionic species of the dye and the surface of the biosorbent. 

The electrostatic attraction force of the dye compound with 

biosorbent surface is likely to be reduced when the pH value 

increases. In other words at a lower pH, the biomass cell is 

positively charged Tying to a decrease in free negatively 

charged adsorbent sites which are favorable to the adsorption 

of the negative charged dye [20-24]. 

 
Fig. 3.3: Effect of pH on % Removal of PR dye 

D. Effect of Initial Concentration of Dye 

The percentage Removal of dyes at various initial 

concentrations is depicted in Fig. 3.4. At concentration of 

Dye solution (20 mg/L), maximum %removal is obtained and 

is different for PR Dye using Vernonia cinerea power and on 

further increase in concentration (200 mg/L), %removal has 

been decreased. The capacity of % removal 44 to 50% is 

increased up to concentration 20 to 200 mg/L. This is due to 

higher interaction between Vernonia cinerea power and the 

Dye solution. 

This was confirmed by other investigators [30,31] 

and thTY attributed this phenomenon to the increase in the 

driving force of the concentration gradient, with the increase 

of the initial dye concentration. Hence a higher initial 

concentration of the dye will enhance the adsorption process. 

Biosorption capacity increased as a result of 

increasing initial dye concentration because the initial dye 

concentration favors a driving force to accomplish the mass 

transfer resistance between the solid and aqueous phases [25-

29]. 

 
Fig. 3.4: Effect of Concentration on % Removal of PR Dye 

E. Effect of Dosage 

The variation of % removal of DyePR was studied using 

different dosages of the Vernonia cinerea power. Results 

from the fig 3.5 showed that % removal of DyePR64 to 90% 

increased and uptake decreased 1.28 to 0.36 mg/g with 

increase in dosage. The maximum % removal is attained at 

50 ml andwas almost constant at higher dosages 10 to 80 g/l. 

This trend could be explained as a consequence of partial 

aggregation. Therefore, the optimum dosage was selected as 

5ml for further experiments [30-34]. 



Studies on Biosorption of Phenol Red Dye with Vernonia Cinerea Powder & Optimization through Central Composite Design 

 (IJSRD/Vol. 6/Issue 03/2018/461) 

 

 All rights reserved by www.ijsrd.com 1889 

 
Fig. 3.5: Effect of Concentration on % Removal of PR Dye 

F. Effect of Temperature 

The dependence of temperature on the % removal of dyes is 

investigated at different temperatures as given in fig. 5.40. 

Results from fig 3.6 showed that %removal of DyePR, 

increased from 81% to 90% with increase in temperature 

from 283 K to 323 K. This indicates that the % removal of 

Dye using Vernonia cinerea powerwas controlled by an 

endothermic process. The increase in removal with 

temperature may be attributed to either increase in the number 

of active surface sites available for interaction on the Dyes 

[35-39]. 

 
Fig. 3.6: Effect of Temperature on % Removal of PR dye 

G. Isotherms 

1) Langmuir Isotherm 

Irving Langmuir developed an isotherm named Langmuir 

isotherm. It is the most widely used simple two- parameter 

equation. This simple isotherm is based on following 

assumptions: 

 Biosorbates are chemically biosorbed at a fixed number 

of well- defined sites 

 Each site can hold only one biosorbate specie 

 All sites are energetically equivalent 

 There are no interaction between the biosorbate species 

The Langmuir relationship is hyperbolic and the equation is: 

qe/qm = bCe / (1+bCe)     …….. (3.10) 

Equation (5.18) can be rearranged as 

(Ce/qe) = 1/(bqm) + Ce/qm ……..       (3.11) 

From the plots between (Ce/qe) and Ce, the slope {1/ 

(bqm)} and the intercept (1/b) are calculated. Further analysis 

of Langmuir equation is made on the basis of separation 

factor, (RL) defined as RL = 1/ (1+bCe) 

0< RL<1 indicates favorable adsorption 

RL>1 indicates unfavorable adsorption 

RL = 1 indicates linear adsorption 

RL = 0 indicates irrepressible adsorption 

Langmuir isotherm is drawn for the present data and 

shown in Fig. 3.7. The equation obtained is: Ce/qe = 0.0461 

Ce + 5.3613 with a good linearity (correlation coefficient, 

R2~0.9977) indicating strong binding of PR dye to the surface 

of Vernonia cinerea powder40-49. 

 
Fig. 3.7: Langmuir isotherm for % biosorption of PR dye 

2) Freundlich Isotherm 

Freundlich presented an empirical biosorption isotherm 

equation that can be applied in case of low and intermediate 

concentration ranges. It is easier to handle mathematically in 

more complex calculations. 

The Freundlich isotherm is given by 

qe = KfCe
n            …….. (3.12) 

Where Kf (mg) represents the biosorption capacity 

when dye equilibrium concentration and n represents the 

degree of dependence of biosorption with equilibrium 

concentration Taking LN on both sides, we get 

ln qe = ln Kf+ n ln Ce                   (3.13) 

Freundlich isotherm is drawn between ln Ce and ln 

qe and is shown in Fig. 3.8 for the present data. The resulting 

equation has a correlation coefficient of 0.9951. 

ln qe = 0.7905 ln Ce–1.2674 

The ‘n’ value in the above equation (n=0.7905) 

satisfies the condition of 0<n<1 indicating favorable 

biosorption [50-54]. 
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Fig. 3.8: Freundlich Isotherm for % Biosorption PR dye 

3) Temkin Isotherm 

Temkin and Pyzhev isotherm equation describes the behavior 

of many biosorption systems on the heterogeneous surface 

and it is based on the following equation 

qe = RT ln(ATCe)/bT     …….. (5.22) 

The linear form of Temkin isotherm can be 

expressed as 

qe = (RT/ bT ) ln(AT) + (RT/bT) ln(Ce) …….. (3.14) 

where AT= exp [b(0) x b(1) / RT] 

b(1) = RT/ bT is the slope 

b(0) = ( RT/ bT ) ln (AT) is the intercept and 

b= RT/b(1) 

The present data are analysed according to the linear 

form of Temkin isotherm and the linear plot is shown in Fig. 

3.9. 

The equation obtained for PR dye biosorption is: qe 

= 3.3186 ln Ce – 5.9834 with a correlation coefficient 0.9834. 

The best fit model is determined based on the linear 

regression correlation coefficient (R). From the Figs 3.7, 

3.8and 3.9 it is found that biosorption data are well 

represented by Langmuir isotherm with higher correlation 

coefficient of 0.9977, followed by Temkin and Freundlich 

isotherms with correlation coefficients of 0.9951 and 0.9593 

respectively [55-59]. 

 

Fig. 3.9: Temkin isotherm for % biosorption of PR dye 

Langmuir 

isotherm 

Freundlich 

isotherm 

Temkin 

isotherm 

qm = 21.6919 

mg/g 
Kf = 0.2815 mg/g 

AT = 0.1648 

L/mg 

KL = 0.0085 n = 0.7905 bT = 759.0978 

R2 = 0.9977 R2 = 0.9951 R2 = 0.9593 

Table 3.1: Isotherm Constants (Linear Method) 

H. Kinetics of Biosorption 

1) Lagergren First Order Kinetics 

The order of biosorbate – biosorbent interactions have been 

described using kinetic model. Traditionally, the first order 

model of Lagergren finds wide application. In the case of 

biosorption preceded by diffusion through a boundary, the 

kinetics in most cases follows the first order rate equation of 

Lagrangen [60-64]: 

(dqt/dt)= Kad (qe – qt)             …….. (3.15) 

Where qe and qt are the amounts adsorbed at t, min 

and equilibrium time and Kad is the rate constant of the pseudo 

first order biosorption.  

The above equation can be presented as 

∫ (dqt /(qe – qt) )= ∫ Kad dt           …….. (3.16) 

Applying the initial condition qt = 0 at t = 0, we get 

log (qe – qt) = log qe – (Kad/2.303) t …….. (3.17) 

In the present study, the kinetics are investigated 

with 50 mL of aqueous solution (C0= 20 mg/L) at 303 K with 

the interaction time intervals of 5 min to 180 min. Lagragen 

plots of log (qe-qt) versus agitation time (t) for biosorption of 

PR dye the biosorbent size (53 μm) of Vernonia cinerea 

powderin the interaction time intervals of 5 to 180 min are 

drawn in fig. 3.10. 

log (qe-qt) = -0.0250 t +0.1386, R2=0.9738 

 
Fig. 3.10: first order kinetics for % biosorption of PR dye 

2) Pseudo Second Order Kinetics 

Plot of log (qe–qt) versus‘t’ gives a straight line for first order 

kinetics, facilitating the computation of adsorption rate 

constant (Kad). If the experimental results do not follow the 

above equation, thTY differ in two important aspects: 

Kad (qe – qt) does not represent the number of available 

biosorption sites and 

log qe is not equal to the intercept. 

In such cases, pseudo second order kinetic equation: (dqt/dt) 

= K (qe – qt)2                    …….. (3.18) 
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is applicable, 

Where ‘K’ is the second order rate constant. 

The other form of the above equation is:  

(dqt /(qe–qt)2)= Kdt                 …….. (3.19) 

let qe – qt = x 

dqt = dx 

1/ x = K x + C                 …….. (3.20) 

C = 1/ qe at t = 0 and x = qe 

Substituting these values in above equation, we obtain: 

1/( qe – qt) = Kt + (1/qe)               …….. (3.21) 

Rearranging the terms, we get the linear form as: 

(t/qt) = (1/ Kqe 
2 ) + (1/qe ) t.         …….. (3.22) 

The pseudo second order model based on above 

equation, considers the rate -limiting step as the formation of 

chemisorptive bond involving sharing or exchange of 

electrons between the biosorbate and biosorbent. If the 

pseudo second order kinetics is applicable, the plot of (t/qt) 

versus‘t’ gives a linear relationship that allows computation 

of qe and K. 

t/qt = 0.5722 t + 12.5177          ………..(5.30) 

 
Fig. 3.11: Second Order Kinetics for % Biosorption of PR 

Dye 

In the present study, the kinetics are investigated 

with 50 mL of aqueous solution (C0= 20 mg/L) at 303 K with 

the interaction time intervals of 5 min to 180 min. Pseudo 

second order plot of t vs t/qt for biosorption of PRdye with 

the biosorbent size (53 μm) of Vernonia cinerea powderin the 

interaction time intervals of 5 to 180 min is drawn in fig. 3.11 

[65-69]. 

Order Equation 
Rate 

constant 
R2 

Lagergren 

first order 

log (qe-qt) = -

0.0250 t 

+0.1386 

0.05757 min-

1 
0.9738 

Pseudo 

Second order 

t t/qt = 0.5722 t 

+ 12.5177 

0.026156 

g/(mg-min) 
0.9456 

Table 3.2: Equations & Rate Constants 

I. Thermodynamics of Biosorption 

Biosorption is temperature dependant. In general, the 

temperature dependence is associated with three 

thermodynamic parameters namely change in enthalpy of 

biosorption ((∆H), change in entropy of biosorption (∆S) and 

change in Gibbs free energy (∆G). 

Enthalpy is the most commonly used 

thermodynamic function due to its practical significance. The 

negative value of ∆H will indicate the 

exothermic/endothermic nature of biosorption and the 

physical/chemical in nature of sorption. It can be easily 

reversed by supplying the heat equal to calculated ∆H. 

The ∆H is related to ∆G and ∆S as 

∆G = ∆H – T ∆S     …….. (3.24) 

∆S < 1 indicates that biosorption is impossible whereas ∆S > 

1 indicates that the biosorption is possible. ∆G < 1 indicates 

the feasibility of sorption. 

The Vant Hoff’s equation is 

log (qe /Ce) = ∆H/(2.303 RT) + (∆S/2.303 R)   (5.33) 

log (qe /Ce) = – 0.7407 (1 / T) + 1.7951…….. (3.25) 

Where (qe/Ce) is called the biosorption affinity. 

If the value of ∆S is less than zero, it indicates that 

the process is highly reversible. If ∆S is more than or equal to 

zero, it indicates the reversibility of process. The negative 

value for ∆G indicates the spontaneity of biosorption. 

Whereas the positive value indicates is non spontaneity of 

sorption. 

Experiments are conducted to understand the 

biosorption behavior varying the temperature from 283 to 323 

K. The plot indicating the effect of temperature on 

biosorption of PR dye for different initial PR dye 

concentrations is shown in fig. 3.12 The values are G = -

104002J/mole, H = 14.1822J/mole and S = 

34.3710J/mole[70-79]. 

 
Fig. 3.12: Vantoff's Plot for % Biosorption of PR dye 

J. Optimization using Response Surface Methodology 

(RSM): 

1) Optimization of Biosorption Conditions using CCD 

The effects of four independent variables (pH, initial 

concentration of Phenol red in aqueous solution, biosorbent 

dosage and temperature) on Phenol red biosorption are 

analyzed using Central Composite Design (CCD) [80-89]. 

The optimum conditions for the four independent variables 

on the extent of Phenol red biosorption are formed within the 

quadratic model. Levels of different process variables for 

percentage biosorption areshown in table–3.3 
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Variable 

 

Name 

Range and levels 

-2 -1 0 1 2 

X1 

pH of 

aqueous 

solution 

5 6 7 8 9 

X2 

Initial 

concentration, 

Co, mg/L 

10 15 20 25 30 

X3 

Biosorbent 

dosage, w, 

g/L 

20 30 40 50 60 

X4 
Temperature, 

T, K 
283 293 303 313 323 

Table 3.3: Levels of different process variables in coded and 

un-coded form for % biosorption of Phenol red using 

vernoniac inere a powder 

Regression equation for the optimization of biosorption is: 

 % biosorption of Phenol red (Y) is function of pH of 

aqueous solution (X1), initial concentration (X2), dosage 

(X3), and Temperature of aqueous solution (X4). 

The multiple regression analysis of the experimental data has 

yield the following equation: 

Y = –3328.49+ 92.84X1 + 8.63X2 + 3.18X3 + 

19.39X4 – 6.37X1
2 –0.21X2

2 –0.04X3
2 – 0.03X4

2 + 0.07X1X2+ 

0.02X1X3 – 0.02X1X4+ 0.00 X2X3 – 0.00 X2X4– 0.00X3X4---

-- (3.25) 

Table-3.3 represents the results obtained in CCD. 

The response obtained in the form of analysis of variance 

(ANOVA) from regression eq.3.25 is put together in table–

3.4 Fischer’s ‘F-statistics’ value is defined as MSmodel/MSerror, 

where MS is mean square. Fischer’s ‘F-statistics’ value, 

having a low probability ‘p’ value, indicates high 

significance. 

Run 

No. 

X1, 

pH 

X2, 

Co 

X3, 

w 

X4, 

T 

% biosorption of PR 

Experimental Predicted 

1 5 15 20 293 74.48000 74.48083 

2 5 15 20 313 76.38000 76.37833 

3 5 15 30 293 74.68000 74.69167 

4 5 15 30 313 75.88000 75.91417 

5 5 25 20 293 74.68000 74.73833 

6 5 25 20 313 76.02000 76.02083 

7 5 25 30 293 75.52000 75.52417 

8 5 25 30 313 76.12000 76.13167 

9 7 15 20 293 74.52000 74.50500 

10 7 15 20 313 75.68000 75.68750 

11 7 15 30 293 75.32000 75.33083 

12 7 15 30 313 75.90000 75.83833 

13 7 25 20 293 76.22000 76.19750 

14 7 25 20 313 76.78000 76.76500 

15 7 25 30 293 77.60000 77.59833 

16 7 25 30 313 77.48000 77.49083 

17 4 20 25 303 67.90000 67.84417 

18 8 20 25 303 69.18000 69.22750 

19 6 10 25 303 72.48000 72.49083 

20 6 30 25 303 74.42000 74.40083 

21 6 20 15 303 79.48000 79.47750 

22 6 20 35 303 80.42000 80.41417 

23 6 20 25 283 80.52000 80.50083 

24 6 20 25 323 82.28000 82.29083 

25 6 20 25 303 94.00000 94.00000 

26 6 20 25 303 94.00000 94.00000 

27 6 20 25 303 94.00000 94.00000 

28 6 20 25 303 94.00000 94.00000 

29 6 20 25 303 94.00000 94.00000 

30 6 20 25 303 94.00000 94.00000 

Table 3.4: Results from CCD for Phenol Red Biosorption by 

Vernonia cinerea powder 

Experimental conditions [Coded Values] and 

observed response values of central composite design with 24 

factorial runs, 6- central points and 8- axial points. Agitation 

time fixed at 25 min and biosorbent size at 53 μm 

Source 

of 

variatio

n 

SS df 

Mean 

square(M

S) 

F-

value 
P > F 

Model 
1816.76

3 

1

4 
129.768 

12242

2 

0.0000

0 

Error 0.016 
1

5 
0.00106   

Total 
1816.77

9 
    

Table 3.5: ANOVA of Phenol Red Biosorption for Entire 

Quadratic Model 

Df- degree of freedom; SS- sum of squares; F- factor F; P- 

probability. 

R2=0.99996; R2 (adj):0.99992 

Terms 
Regression 

coefficient 

Standard error 

of the 

coefficient 

t-

valu

e 

P-

val

ue 

Mean/Inter

cept 
-3328.49 6.284976 

-

529.

59 

0.0

000

0 

Dosage, w, 

g/L (L) 
92.84 0.268956 

345.

17 

0.0

000

0 

Dosage, w, 

g/L (Q) 
-6.37 0.006294 

-

101

1.40 

0.0

000

0 

Conc, Co, 

mg/L (L) 
8.63 0.052668 

163.

89 

0.0

000

0 

Conc, Co, 

mg/L (Q) 
-0.21 0.000252 

-

816.

38 

0.0

000

0 

pH (L) 3.18 0.026334 
120.

77 

0.0

000

0 

pH (Q) -0.04 0.000063 

-

558.

21 

0.0

000

0 

Temperatu

re, T, K 

(L) 

19.39 0.038864 
499.

03 

0.0

000

0 

Temperatu

re, T, K 

(Q) 

-0.03 0.000063 

-

500.

62 

0.0

000

0 

1L by 2L 0.07 0.001648 
43.5

3 

0.0

000

0 
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1L by 3L 0.02 0.000824 
18.6

6 

0.0

000

0 

1L by 4L -0.02 0.000824 

-

21.6

9 

0.0

000

0 

2L by 3L 0.00 0.000165 
17.4

4 

0.0

000

0 

2L by 4L -0.00 0.000165 

-

18.6

6 

0.0

000

0 

3L by 4L -0.00 0.000082 

-

20.4

8 

0.0

000

0 

Table 3.6: Estimated Regression Coefficients for the Phenol 

Red Biosorption onto vernoniacinereapowder 

ainsignificant (P ≥ 0.05) 

The ANOVA of the regression model is sufficiently 

great, as proven from the Fisher’s F-test and has a very low 

probability value (Pmodel>F=0.000000). Besides, the 

computed F-value is much higher compared to F-value (F0.05 

(14.15) tabulars = 2.42) at 5% level, suggesting that the treatment 

differences are sufficiently great. Student’s t-test can 

implicate regression coefficient of the parameter, while 

pattern of interactions amidst all the factors can be entailed 

by ‘p’ values. It is noted from table-3.5 that more significant 

corresponding coefficient term can be possessed by having 

high‘t’ value and low ‘P’ value. By analyzing‘t’ and ‘p’ 

values from table-5.25,all the variables have high importance 

to explain the individual and interaction effects of 

independent variables on biosorption of PR dye to anticipate 

the response. The model is reduced to the following form by 

excluding undistinguished terms in eq.5.36. 

Y = –3328.49+ 92.84X1 + 8.63X2 + 3.18X3 + 

19.39X4 – 6.37X1
2 –0.21X2

2 –0.04X3
2 – 0.03X4

2 + 0.07X1X2+ 

0.02X1X3 – 0.02X1X4+ 0.00 X2X3 – 0.00 X2X4– 0.00X3X4---

----(3.26) 

A positive sign of the coefficient represents an 

interactive effect i.e., response (% biosorption of Phenol red) 

steps up with increase in effect, whereas a negative sign 

implies an incompatible effect that means response lowers 

with an increase in effect. 

Measure of the model’s variability to the responses 

indicated is presented by correlation coefficient (R2). As R2–

–> 1, model is inviolable and the response is estimated better. 

In our study, R2 = 0.99996suggests that 0.004 % of the total 

variations are not adequately explained by the model. 

Statistical relevance of the ratio of mean due to regression and 

mean square due to residual error is tested with the help of 

ANOVA. F-values implicate that % biosorption can be 

sufficiently explained by the model equation. If ‘P’ value is 

lower than 0.05, the model is considered to be statistically 

significant at the 95 % confidence level. 

 
Fig. 3.13: Pareto Chart 

2) Interpretation of Residual Graphs 

Normal probability plot (NPP) is a graphical technique used 

for analyzing whether or not a data set is normally distributed 

to greater extent. The difference between the observed and 

predicted values from the regression is termed as residual. 

Fig. 5.48 exhibits normal probability plot for the present data. 

It is evident that the experimental data are reasonably aligned 

implying normal distribution. 

 
Fig. 3.14 Normal probability plot for % biosorption of PR 

3) Interaction Effects of Biosorption Variables 

Three-dimensional view of response surface contour plots 

[Fig. 3.15 (a) to 3.15 (f)] exhibit % biosorption of the Phenol 

red using vernoniacinereapowder for different combinations 

of dependent variables. All the plots are delineated as a 

function of two factors at a time, imposing other factors fixed 

at zero level. It is evident from response surface contour plots 

that the % biosorption is minimal at low and high levels of 

the variables. This behavior confirms that there is a presence 

of optimum for the input variables in order to maximize % 

biosorption. The role played by all the variables is so vital in 

% biosorption of Phenol red and seen clearly from the plots. 

The predicted optimal set of conditions for maximum % 

biosorption of Phenol red is: 

pH of aqueous solution  = 7.0279 

Initial PR dye concentration  =  20.2344mg/L 

Biosorbent dosage   = 40.3326g/L 

Temperature     =303.6818K 

% biosorption of PR  = 94.03517 

The experimental optimum values are compared 

with those predicted by CCD in table-3.7The experimental 

values are in close agreement with those from CCD. 
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Variable CCD Experimental 

pH of aqueous solution 7.0279 6.0 

Initial PR concentration, 

mg/L 
20.2344 20 

Biosorbent dosage, w, g/L 40.3326 25 

Temperature, K 303.6818 303 

% biosorption 94.03571 90 

Table 3.7: Comparison between Optimum Values from 

CCD and Experimentation 

Authors Biosorbent qt, mg/g 

Gupta et al. Spirogyra sp. 140.84 

Flavio et al. Ponkan peel 112.1 

Ruhan et al. Lactarius scrobiculatus 56.2 

Matheickal et al. 
Powder activated 

carbon 
20.7 

Lijuan Wang et al Crofton weed stalk 28 

Present 

investigation 

Vernonia cinerea 

powder 
21.6919 

Table 3.8: Dye uptake capacities for different biosorbents 

  
Fig. 3.15 (a): Surface Contour plot for the Effects of pH and 

initial Concentration of Phenol red on % biosorption 

  
Fig. 3.15 (b): Surface Contour plot for the effects of pH and 

Dosage of Phenol red in aqueous solution on % Biosorption 

 

Fig. 3.15 (c): Surface Contour Plot for the effects of pH and 

Temperature of Phenol red in Aqueous Solution on the % 

Biosorption 

 
Fig. 3.15 (d): Surface Contour Plot for the Effects of 

Concentration and Dosage on % Biosorption of Phenol red 

 
Fig. 3.15 (e): Surface Contour plot for the Effects of 

Concentration and Temperature on % Biosorption of Phenol 

red 

 
Fig. 3.15 (f): Surface Contour plot for the Effects of Dosage 

and Temperature on % biosorption of Phenol red 

K. Characterization of Hyptis Suaveolens Powder 

1) Fourier Transform Infra-Red Spectroscopy (FTIR) 

Infrared spectroscopy belongs to the group of molecular 

vibrational spectroscopies which are molecule-specific and 

give direct information about the functional groups, their 

kind, interactions and orientations. Its sampling requirements 

allow the gain of information from liquids and gases and in 

particular from solid surfaces. Even if historically IR has been 

mostly used for qualitative analysis, to obtain structural 

information, nowadays instrumental evolution makes non-

destructive and quantitative analysis possible [90-94] with 
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significant accuracy and precision. The shift of the bands and 

the changes in signal intensity allow the identification of the 

functional groups involved in dye sorption. 

a) FTIR Spectrum of Untreated PR dye 

FTIR spectrum of untreated vernoniacinereapowder is 

presented in fig. 5.50 (a). The bands at 1052.71 and 1058.89 

cm-1 indicates the involvement of C–H bending bonds. The 

bands at 1651.44 cm-1 assigns the C=O stretching bond. 

 
Fig. 3.16 (a): FTIR Spectrum of PR dye Untreated 

Vernoniacinereapowder 

FTIR spectrum of untreated spicifera powder is 

presented in fig. 3.16 (a). The sharp peak at 617.25 cm-1 

denotes the involvement and participation of 2,4 benzene 

deformation out of phase in biosorption. The band at 1058.89 

cm-1 indicates the involvement of C–H bending vibrations 

bond. The band at 1247.84 cm-1assigns the -SO 3 stretching 

bond. The peaks at 1448.6 cm−1 in native biomass designates 

the presence of C–N stretching and is not observed after 

loading PR dye. It indicates the direct involvement of C-O 

stretching in the ion-exchange process. The bands from 

1533.63 cm-1 denotes the presence of Amide N–H bending 

vibrations bonds. The peak at 1651.44 represents the C 

Oleifinic C = C and Carbonyl C = O stretching bond. The 

peak at 1515.30 depict the Amide N–H bending vibrations. 

The peak at 1645.93 cm-1 assigned for Oleifinic C = C and 

Carbonyl C = O stretching bond in is shown in untreated 

powder. The sharp peak at 1733.52 cm-1denots the presence 

of Assymetric stretching vibration of C = O. Further, the band 

peaks at 2928.64 cm-1 are assigned for the bounded CH 2 

stretching vibrationsbond. The peak at 3335.73 represents the 

–OH stretching or –NH 2 stretching bond. 

b) FTIR spectrum of PR dye treated with 

vernoniacinerea powder 

FTIR measurements for PR dye loaded algal biomass are 

shown in fig. 5.50 (b). The sharp peak at 615.7 cm-1 is shifted 

to 617.25 cm-1 denoting the involvement and participation of 

2,4 benzene deformation out of phase in biosorption. The 

shifting of band from 1052.71 cm-1 to 1058.89 cm-1 

indicates the involvement of C–H bending vibrations. The 

bands from 1247.84 and 1251.92 cm-1 denotes the presence 

of -SO 3 stretching bonds. The peak at 1378.90 represents the 

–CH 2 bending vibration bond. The peak at 1449.51 depict 

the C–N stretching. The bands at 1531.18 cm-1 (assigned for 

the presence of Amide N–H bending vibrations respectively) 

are not shown in untreated biomass. The characteristic of 

stretching modes of O–H (indicated by the band at 3312.88 

cm-1) is also not seen in untreated biomass. 

 
Fig. 3.16 (b) FTIR Spectrum of PR dye Treated 

Vernoniacinereapowder 

S. 

No. 

Peaks in 

untreated 

powder, cm-1 

Peaks in 

treated 

powder, cm-

1 

Description 

1 --- 615.22 

2,4 benzene 

deformation out of 

phase 

2 617.25 --- 

2,4 benzene 

deformation out of 

phase 

3 --- 1052.71 
C–H bending 

vibrations 

4 1058.89 --- 
C–H bending 

vibrations 

5 1247.84 --- -SO 3 stretching 

6 --- 1251.92 -SO 3 stretching 

7 --- 1378.90 
–CH 2 bending 

vibrations 

8 1448.66 --- C–N stretching 

9 --- 1449.51 C–N stretching 

10 --- 1531.18 
Amide N–H 

bending vibrations 

11 1533.63 --- 
Amide N–H 

bending vibrations 

12 --- 1650.48 

Oleifinic C = C 

and Carbonyl C = 

O stretching 

13 1651.44 --- 

Oleifinic C = C 

and Carbonyl C = 

O stretching 

14 --- 2861.83 
CH 2 stretching 

vibrations 

15 --- 2928.07 
CH 2 stretching 

vibrations 

16 2928.64 --- 
CH 2 stretching 

vibrations 

17 3335.73 --- 
–OH stretching or 

–NH 2 stretching 

18 --- 3352.26 
–OH stretching or 

–NH 2 stretching 

Table 3.9: Shift of FTIR Peaks for Untreated and 

Vernoniacinereapowder Treated PR Dye 

The sharp peaks of 1650.48 cm-1 arose suddenly 

after loading of PR dye due to the involvement of Oleifinic C 
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= C and Carbonyl C = O stretching. Further, three additional 

peaks at 2861.83, 2928.07 cm-1 denoting CH 2 stretching 

vibrations have suddenly appeared in PR dye treated biomass. 

The peak appearing at 3352.26 cm-1 in PR dye treated 

powder is denoting group –OH stretching or –NH 2 

stretchingand is not seen in native biomass.This may be due 

to the adjustment of pH and physical disruption of cell walls 

upon the vigorous shaking. 

2) X-Ray Diffraction 

The X-Ray Diffractograms (XRD) of the powder samples are 

taken using a Rigaku Ultima model IV. The diffracted X-ray 

target (Cu-  A0) at 

a scan speed of 20/min. XRD patterns are recorded from 30 to 

900. Different phases of the samples are to be identified by 

comparing with a set of‘d’ values and the corresponding 

intensities with the standards from the ICDD (International 

Center for Diffraction Data) files [100-104]. 

a) XRD for PR dye Untreated With 

Vernoniacinereapowder 

XRD patterns of untreated powder are shown in figs.3.17 (a) 

& (b). XRD patterns shown in figs. 5.51(a) & (b) do not 

indicate sharp peaks, less crystallinity and exhibit little 

amorphous nature. The peaks at 2θ values of 

20.06,20.69,16.12,15.57,11.51the presence of 

C16AgAlF36O4P8, C36I6N12S3Zn3 , F4MoS , As2F24MnN4S4, 

Al2Cl10 N2P2(Cl2 Al NP Cl3 )2 and their corresponding d-

values are 0.9319,0.9297,0.9114,0.8882,0.8779[95-99]. 

 
Fig. 3.17 (a): XRD Pattern of PR dye Untreated 

Vernoniacinereapowder 

 
Fig. 3.17 (b): XRD Pattern of PR dye Untreated 

Vernoniacinereapowder with Matching Compounds 

b) XRD for PR Dye Treated with 

Vernoniacinereapowder 

XRD patterns for treated powder [Figs.3.17 (c) & 3.17 (d)] 

exhibit good crystallinity, more amorphous nature and 

increase in surface area and porosity. The peaks at 2θ values 

of 50.3,26.81,26.80,26.31,26.45corroborate the presence of 

C122.46I1.09S4.91 , Br10 Te8U2, F4MoS, F13OPS62 , H3KO8Se2and 

their corresponding d-values are 

0.9336,0.9311,0.9172,0.8996,0.8991 

 
Fig. 3.17 (C): XRD Pattern of PR Dye Treated 

Vernoniacinereapowder 

 
Fig. 3.17 (D): XRD Pattern of PR Dye Treated 

Vernoniacinereapowder with Matching Compounds 

IV. CONCLUSIONS 

1) The equilibrium agitation time for biosorption of PR dye 

is 30 min. 

2) The optimum dosage is 25 g/L 

3) % biosorption is increased upto pH = 5. 

4) The RSM optimized values are: w = 40.3326 g/L, pH = 

7.0279, Co = 20.2344 mg/L, T = 303.6818 K and extent 

of biosorption = 94.03517%. 

5) The experimental data are well represented by Langmuir 

(R2 = 0.9977) and Temkin (R2 = 0.9593) isotherms. 

6) The kinetic studies show that the biosorption of PR dye 

is described by both first order (R2 = 0.9738) and pseudo 

second order kinetics (R2 = 0.9456). 

The thermodynamic investigation reveals the 

spontaneity of the process–∆G is negative (-104002 

J/mole), irreversibility–∆S is positive (34.3710) and 

endothermic nature of biosorption–∆H is positive 

(14.1822 J/mole). 
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