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ABSTRACT 
 

This work presents an alternative methodology for removal of a dyestuff Alizarin Red from aqueous solutions 

by using a new biosorbent, Borassus powder in a batch biosorption technique. The characterization of the 

biosorbent was performed by using FTIR and XRD techniques. 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 very well fitted. 
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I. INTRODUCTION 

 

Effluents emanating from many industries contain 

dissolved heavy metals. If these effluents are 

discharged without treatment, they will have adverse 

effects on the environment. Numerous techniques 

have been proposed by various researchers for the 

treatment of heavy metal-bearing effluents. These 

include ion-exchange [1], chemical precipitation [2], 

electrochemical methods [3] and membrane 

technology [4]. Another method, which has gained 

momentum in recent years, is biosorption. The 

inherent advantages and applications of biosorption 

have been extensively reviewed by several 

investigators [5–7]. Several theoretical models were 

tested in order to fit the experimental data and to 

understand the possible physicochemical interactions 

involved in the sorption phenomenon between the 

biomass surface and the dye molecules. [8] 

In the last decades, biomasses were widely used in 

waste liquid treatment. The usage of inactive 

microorganisms for the removal of heavy metals [9–10] 

and organics including dyes [11, 12], phenolics [13,14] 

and pesticides [15] from wastewaters have been 

widely studied. The special surface properties of 

bacteria, yeasts, fungi and algae enable them to adsorb 

different kinds of pollutants from solutions. The 

passive uptake of pollutants by inactive/dead 

biological materials is termed as biosorption [16]. In 

the concept of biosorption, several physical or 

chemical processes may be involved such as physical 

and/or chemical adsorption, ion exchange, 

coordination, complexation, chelation and 

microprecipitation. Biomass cell walls offer many 

functional groups which can bind metal ions and 

organics such as carboxyl, hydroxyl, sulphate, 

phosphonate and amino groups. In addition, 

biosorption processes offer the advantages of low 

operating costs, high selectivity and efficiency, good 

removal performance and regeneration ability. For 

FGD process, activated carbon and sewage sludge [17–

19] were used to SO2 adsorption at low temperature. 
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II.  METHODS AND MATERIAL  

The present experimentation is carried out both 

batch-wise and column, on biosorption of Alizarine 

red dye from aqueous solutions on the biosorbent – 

Borassus powder. 

The experimental procedure consists of the following 

steps: 

2.1 Preparation of the bisorbent 

2.2 Characterization of biosorbent  

2.3 Preparation of the stock solutions 

2.3 Studies on Equilibrium Biosorption Process  

 

2.1. Preparation of the bisorbent 

Borassus 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 

obtained powder was used as biosorbent without any 

pretreatment. 

 

2.2 Characterization of biosorbent  

Biosorption of Alizarine red  dye using Borassus 

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. 

 

2.3 Preparation of stock solution: 

The standard stock solution of Alizarin Red dye (1000 

mg/L) was prepared by dissolving 1.0 g of 99.9 % 

analytical grade Alizarin Red 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. 

 

2.3 Studies on Equilibrium Biosorption Process:  

The biosorption was carried out in a batch process by 

adding a pre-weighed amount of the Borassus 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 Indigo caramine dye were evaluated 

using single step optimization process 

Table 1  Experimental conditions for biosorption 

of Alizarin Red dye 

S.N

o. 

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 Initia   

Biosorbent 

dosage, w, g/L 

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

50, 60 and 80 

5 Temperature, 

K 

283, 293, 303, 313 and 

323 
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III. RESULTS AND DISCUSSION  

 

3.1 Effect of agitation time 

Duration of equilibrium biosorption is defined as a 

time required for dye concentration to reach a 

constant value during biosorption. The fig 3.1 shows 

the equilibrium agitation time which is determined by 

plotting the % biosorption of AR dye against agitation 

for the interaction time intervals between 1 to 180 

minutes. In the first five minutes, 25% of AR dye is 

biosorbed for the 53 μm size of 10 gm/L biosorbent 

dosage. By reaching 58%, the % biosorption is 

increased briskly upto 25 minutes. The equilibrium 

conditions of attainment indicate the constant % 

biosorption beyond 25 minutes. In 50 ml of aqueous 

solution (C0= 20mg/L), the maximum biosorption of 58% 

is attained for 25 minutes of agitation with 10 gms/L 

of 53μm size biosorbent is mixed. In the initial stages 

the rate of biosorption is fast because adequate surface 

area of the biosorbent is available for the biosorption 

of AR dye. Due to vanderwall forces of attraction the 

time increases, more amount of AR dye gets biosorbed 

on to the surface of biosorbent and resulted in 

decrease of available surface area. Over the surface the 

biosorbate normally, forms a thin single molecule 

thick layer over the surface. The biosorption capacity 

is exhausted when this mono molecular layer covers 

the surfaces. At 40 minutes the maximum 69 % of 

biosorption. Therefore, all other experiments are 

conducted at this optimum agitation time. [20-24] 
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Figure 3.1. Effect of time on % biosorption of AR dye 

3.2 Effect of biosorbent size 

From the aqueous solution the variation in % 

biosorption of AR dye with biosorbent size are 

obtained. The figure 3.2 shows the results which are 

drawn with % biosorption of AR dye is a function of 

biosorbent size and it decreases from 53 to 152μm and 

increases from 69 to 45%. This is expected to 

phenomenon, as the size of the particle decreases 

there by the number of active and freely available 

sites on the biosorbent also enhances with the surface 

area of the biosorbent enhances. [25-29] 
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Figure 3.2. Effect of size on % biosorption of AR dye 

 

3.3 Effect of pH 

pH controls the degree of ionization and species of the 

biosorbate, biosorption by influencing the surface 

change of biosorbent. Using 10gm/L of 53 μm size 

biosorbent of the aqueous solution, AR dye 

biosorption data are obtained in the pH range of 2 to 8 

in the present investigation made. The figure 3.3 

shows the effect of pH of aqueous solution on % 

biosorption ofAR dye.Beyond the pH value of 6 it 

increased slowly and the margin is very less. For 

appropriate sites on the biosorbent surface the low pH 

depresses biosorption due to competition. The AR dye 

replace H+ ions bound to the biosorbent and with 

increasing pH, this competition weakens. [30-34] 
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pH of aqueous solution
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Figure 3.3. Effect of pH on % biosorption of AR dye 

 

3.4 Effect of initial concentration of AR dye 

The percentage of biosorption of AR dye shows in the 

figure 3.4 and its effect of initial concentration of AR 

dye in the aqueous solution. The precent biosorption 

of AR dye is increased in C0 from 20 to 200mg/L (664-

673) and decrease from 81 to 60%. The constant 

number of available active sites on the biosorbent and 

this behavior can be attributed to increase in the total 

amount of biosorbate. [35-39] 

Initial concentration of AR dye solution, mg/L

0 20 40 60 80 100 120 140 160 180 200 220

%
 b

io
s
o
rp

ti
o
n
 o

f 
A

R
 d

y
e

35

40

45

50

55

60

65

70

75

80

85

90

A
R

 d
y
e
 u

p
ta

k
e
, 

m
g
/g

0

3

6

9

12
% biosorption of AR  dye

AR  dye uptake, mg/g

pH = 4

w = 10 g/L

T = 308 K

t = 40 min

dP = 53 m

Biosorbent = Borassus  powder

 
Figure 3.4. Effect of initial concentration on % 

biosorption of AR dye 

 

3.5 Effect of biosorbent dosage 

This figure 3.5 shows the percentage biosorption of 

AR dye which is drawn against the biosorbent dosage 

for 53 μm size biosorbent with an increase in the 

biosorbent dosage from 0.5to 4 gm/L and the 

biosorption of AR dye increased from 81 to 95%. The 

number of active sites available for AR dye 

biosorption would be more and this behavior is 

obvious because of the increase in biosorbent dosage. 

When dosage is increased from 40 to 70 gm/L the 

change in the biosorbent of AR dye is marginal from 

92 to 95%. Hence all other experiments are conducted 

at 40 gm/L dosage. [40-44] 
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Figure  3.5. Effect of dosage on % biosorption of AR 

dye 

3.6 Effect of temperature 

Experiment is done varying temperature from 283 to 

323K.On the equilibrium dye uptake the effect of 

temperature was significant. The figure 3.6 shows the 

effect of changes in the temperature on AR dye uptake. 

In the internal porus structure of surface high 

temperature favors the diffusion of dye molecules. 

[45-49] 
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Figure 3.6. Effect of temperature on % biosorption of 

AR dye 

3.7 Isotherms: 

3.7.1 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 
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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) …….. (3.20)                                                                

Equation (6.1) can be rearranged as  

(Ce/qe) = 1/(bqm) + Ce/qm …….. (5.20) 

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 Figure  3.7. The equation obtained is: Ce/qe = 

0.0553Ce + 2.3358 with a good linearity (correlation 

coefficient, R2~0.9887) indicating strong binding of 

AR dye to the surface of Borassuspowder.  
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Figure 3.7 Langmuir isotherm for % biosorption of AR 

dye 

3.7.2 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 = KfCen   …….. (3.21)  

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    …….. (3.22) 

Freundlich isotherm is drawn between ln Ce and ln qe 

and is shown in Figure 3.8 for the present data.  The 

resulting equation has a correlation coefficient of 

0.9936. 

ln qe = 0.0553 ln Ce - 0.3399  …. (3.23) 

 

The ‘n’ value in the above equation (n=0.6618) 

satisfies the condition of 0<n<1 indicating favorable 

biosorption.  
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Figure 3.8. Freundlich isotherm for % biosorption AR 

dye 

3.7.3 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   …….. (5.24) 

The linear form of Temkin isotherm can be expressed 

as           

qe= (RT/ bT ) ln(AT) + (RT/bT) ln(Ce)      …….. (3.25) 

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 
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  b= RT/b (1)    

The present data are analysed according to the linear 

form of Temkin isotherm and the linear plot is shown 

in Figure  3.9. The equation obtained for AR dye 

biosorption is: qe = 3.4129 ln Ce – 3.7009 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, 3.8&3.9, it is found 

that biosorption data are well represented by 

Freundlich isotherm with higher correlation 

coefficient of 0.9936, followed by Temkin and 

Langmuir isotherms with correlation coefficients of 

0.9638 and 0.9887[50-59] respectively.   
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Figure 3.9.Temkin isotherm for % biosorption of AR 

dye 

Table 1. Isotherm constants (linear method) 

Langmuir 

isotherm 

Freundlich 

isotherm 

Temkin 

isotherm 

qm  =  18.07011 

mg/g 
Kf  = 0.71184 mg/g 

AT =  0.33811 

L/mg 

KL  =  0.02369 n   =  0.6618 bT =  738.117 

R2  =  0.9887 R2 =  0.9936 R2 = 0.9638 

 

3.8 Kinetics of biosorption 

3.8.1 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: 

(dqt/dt)= Kad (qe – qt)            …….. (3.26)                                                                

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               …….. (3.27)                                                

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

log (qe – qt) = log qe – (Kad/2.303) t     …….. (3.28) 

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 1 min to 180 

min.  Lagragen plots of log (qe-qt) versus agitation time 

(t) for biosorption of AR dye the biosorbent size (53 

μm) of Borassuspowderinthe interaction time intervals 

of 1 to 180 min are drawn in Figure  3.10. log (qe-qt) = 

- 0.0380 t + 0.1862, R2=0.8686   …….. (3.29) 
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Figure  3.10.  first order kinetics for % biosorption of 

AR dye 

 

3.8.2 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, they differ in 

two important aspects: 
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i)    Kad (qe – qt)  does not represent the number of 

available      biosorption sites and  

ii) log qe is not equal to the intercept. 

 In such cases, pseudo second order kinetic equation: 

(dqt/dt) = K (qe – qt)2 …….. (3.30) 

is applicable,    

where ‘K’ is the second order rate constant.   

The other form of the above equation is: (dqt /(qe–

qt)2)= Kdt                       …….. (3.31) 

let  qe – qt = x  

dqt = dx 

 1/ x = K x + C …….. (3.31) 

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

Substituting these values in above equation, we obtain: 

 1/( qe – qt) = Kt + 

(1/qe)                                                                                

…….. (5.32)        

Rearranging the terms, we get the linear form as:  

(t/qt) = (1/ Kqe 2 ) + (1/qe ) 

t.                                                                          …….. 

(3.33) 

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 = 0.6341  t + 6.165, 

R2=0.8936                ………………….. (3.34) 
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Figure  3.11. second order kinetics for % biosorption 

of AR 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 1 min to 180 

min.  Pseudo second order plot of t vs t/qt for 

biosorption of AR dye with the biosorbent size (53 μm) 

of Borassus powderinthe interaction time intervals of 

1 to 180 min is drawn in Figure  3.11[60-64].  

Table 2.  Equations and rate constants 

Order Equation Rate 

constant 

R2 

Lagergren 

first order 

log (qe-qt) = - 

0.0380 t + 

0.1862 

0.087514 

min-1 

0.8686 

Pseudo 

Second order 

t/qt = 0.6341  t 

+ 6.1651 

0.065219 

g/(mg-min) 

0.8932 

 

3.8.3 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 
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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          …….. (3.35) 

∆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) ….. 

(3.36) 

log (qe /Ce) = – 0.7590 (1 / T) + 2.0730 .. (3.37) 

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 AR dye for different 

initial AR dye concentrations is shown in Figure  3.12. 

The values are G = -12012.6, H = 14.5326 and S = 

39.6935[65-69]. 

1/ T x 103, K

3.5343.4133.3003.1953.096

lo
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q e
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o
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t = 40 min

d
P
 = 53 m

log q
e /C

e  = -0.7590 / T + 2.0730;    R 2
 = 0.9955

Biosorbent = Borassus  powder

 

Figure  3.12. Vantoff's plot for % biosorption of AR 

dye 

3.9. Optimization using Response Surface 

Methodology (RSM): 

3.9.1 Optimization of biosorption conditions using 

CCD 

The effects of four independent variables (pH, initial 

concentration of AR dye in aqueous solution, 

biosorbent dosage and temperature) on AR dye 

biosorption are analyzed using Central Composite 

Design (CCD) [65-69].  The optimum conditions for 

the four independent variables on the extent of AR 

dye biosorption are formed within the quadratic 

model.Levels of different process variables for 

percentage biosorption areshown in table–3.3.  

 

Table 3. Levels of different process variables in coded 

and un-coded form for  

% biosorption of AR dye using Borassus powder 

 

 

Variable 

 

Name 

Range and levels 

-2 -

1 

0 1 2 

X1 pH of 

aqueous 

solution 

2 3 4 5 6 

X2 Initial 

concentr

ation, Co, 

mg/L  

10 1

5 

2

0 

25 30 

X3 Biosorbe

nt 

dosage, 

w, g/L 

30 3

5 

4

0 

45 50 

X4 Tempera

ture, T, 

K 

28

3 

2

9

3 

3

0

3 

31

3 

32

3 

 

Regression equation for the optimization of 

biosorption is:   
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% biosorption of AR dye 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 = –1518.84 + 18.36 X1 + 6.52 X2 + 6.12 X3 + 9.13 X4 – 

3.18 X12 –0.11X22 –0.08X32 – 0.01X42 - 0.24 X1X2 + 0.30 

X1X3 + 0.00 X1X4 + 0.02 X2X3 – 0.01 X2X4– 0.00X3X4----

--- (5.38) 

Table-5.22 represents the results obtained in CCD.  

The response obtained in the form of analysis of 

variance (ANOVA) from regression eq.3.38 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. 

Table 4. Results from CCD for AR dye biosorption by 

borassuspowder 

Run 

No. 

X1,  

pH 

X2,  

Co 

X3,  

w  

X4,  

T 

% biosorption of AR 

Experime

ntal 
Predicted 

1 5 15 20 293 85.58000 85.58833 

2 5 15 20 313 87.02000 86.97167 

3 5 15 30 293 84.38000 84.39500 

4 5 15 30 313 84.90000 84.90833 

5 5 25 20 293 87.62000 87.61500 

6 5 25 20 313 87.68000 87.70833 

7 5 25 30 293 88.92000 88.87167 

8 5 25 30 313 88.12000 88.09500 

9 7 15 20 293 85.68000 85.68167 

10 7 15 20 313 87.08000 87.12500 

11 7 15 30 293 90.46000 90.42833 

12 7 15 30 313 91.02000 91.00167 

13 7 25 20 293 82.82000 82.80833 

14 7 25 20 313 83.00000 82.96167 

15 7 25 30 293 89.98000 90.00500 

16 7 25 30 313 89.30000 89.28833 

17 4 20 25 303 83.12000 83.14000 

18 8 20 25 303 84.42000 84.42667 

19 6 10 25 303 84.98000 84.97667 

20 6 30 25 303 85.26000 85.29000 

21 6 20 15 303 86.18000 86.17667 

22 6 20 35 303 91.28000 91.31000 

23 6 20 25 283 90.36000 90.37000 

24 6 20 25 323 91.02000 91.03667 

25  6 20 25 303 96.52000 96.52000 

26  6 20 25 303 96.52000 96.52000 

27  6 20 25 303 96.52000 96.52000 

28  6 20 25 303 96.52000 96.52000 

29  6 20 25 303 96.52000 96.52000 

30  6 20 25 303 96.52000 96.52000 

 

  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 40 min and biosorbent 

size at 53 μm 

Table 5. ANOVA of AR dye biosorption for entire 

quadratic model 

Source 

of 

variatio

n 

SS df 

Mean 

square(MS

) 

F-

value 
P> F 

Model 
598.41

32 

1

4 
42.7438 

4317

5 

0.0000

0 

Error 0.0149 
1

5 
0.00099   

Total 
598.42

81 
    

 

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

P- probability. 

 R2=0.99996; R2 (adj):0.99992   

Table 6. Estimated regression coefficients for the AR 

dye biosorption onto Borassus powder  

Terms Regressi

on 

coefficie

nt 

Standar

d error 

of the 

coeffici

ent 

t-value P-

value 

Mean/Int - 6.09245 -249.299 0.0000
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ercept 1518.84 3 0 

Dosage, 

w, g/L (L) 
18.36 

0.25333

8 
72.474 

0.0000

0 

Dosage, 

w, g/L (Q) 
-3.18 

0.00601

1 
-529.708 

0.0000

0 

Conc, Co, 

mg/L (L) 
6.52 

0.05066

8 
128.774 

0.0000

0 

Conc, Co, 

mg/L (Q) 
-0.11 

0.00024

0 
-473.562 

0.0000

0 

pH (L) 6.12 
0.05220

9 
117.184 

0.0000

0 

pH (Q) -0.08 
0.00024

0 
-323.425 

0.0000

0 

Temperat

ure, T, K 

(L) 

9.13 
0.03724

1 
245.053 

0.0000

0 

Temperat

ure, T, K 

(Q) 

-0.01 
0.00006

0 
-241.910 

0.0000

0 

1L by 2L -0.24 
0.00157

4 
-155.645 

0.0000

0 

1L by 3L 0.30 
0.00157

4 
188.680 

0.0000

0 

1L by 4L 0.00 
0.00078

7 
1.906 

0.0760

1 

2L by 3L 0.02 
0.00031

5 
77.822 

0.0000

0 

2L by 4L -0.01 
0.00015

7 
-40.976 

0.0000

0 

3L by 4L -0.00 
0.00015

7 
-27.635 

0.0000

0 

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-5.24 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-5.24,all the variables have high importance 

to explain the individual and interaction effects of 

independent variables on biosorption of AR dye to 

anticipate the response.  The model is reduced to the 

following form by excluding undistinguished terms in 

eq.3.39. 

 

Y = –1518.84 + 18.36 X1 + 6.52 X2 + 6.12 X3 + 9.13 X4 – 

3.18 X12 –0.11X22 –0.08X32 – 0.01X42 - 0.24 X1X2 + 0.30 

X1X3 + 0.00 X1X4 + 0.02 X2X3 – 0.01 X2X4– 0.00X3X4----

--- (3.39) 

A positive sign of the coefficient represents an 

interactive effect i.e., response (% biosorption of AR 

dye) 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.   
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Figure  3.13. Pareto Chart 

 

The optimal set of conditions for maximum 

percentage biosorption of AR dye is pH = 4.1354, 

initial AR dye concentration = 20.1222 mg/L, 

biosorbent dosage = 41.9207 g/L, and temperature = 

303.2657 K. The extent of biosorption of AR dye at 

these optimum conditions was 96.79145%. It is 

evident that experimental values of % biosorption are 

in close agreement with that of predicted by Central 

Composite Design. Experiments are conducted in 

triplicate with the above predicted optimal set of 

conditions and the % biosorption of AR dye is 93 %, 

which is closer to the predicted % biosorption.[70-74] 

 

3.9.2 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.   Figure  3.14 

exhibits normal probability plot for the present data.   

It is evident that the experimental data are reasonably 

aligned implying normal distribution.  

 
Figure  3.14. Normal probability plot for % 

biosorption of AR dye 

 

3.9.3 Interaction effects of biosorption variables: 

Three-dimensional view of response surface contour 

plots [Fig3.15 (a) to 3.15 (f)] exhibit % biosorption of 

the AR dye using borassus powder 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 AR dye and 

seen clearly from the plots.  The predicted optimal set 

of conditions for maximum % biosorption of AR dye 

is: 

pH of aqueous solution  = 4.1354 

Initial AR dye concentration  =  20.1222 mg/L  

Biosorbent dosage  =  41.9207 g/L  

Temperature    =             303.2657 K   

% biosorption of AR dye  =

 96.79145 

The experimental optimum values are compared with 

those predicted by CCD in table-3.7.  The 

experimental values are in close agreement with those 

from CCD. 

 

 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Dr. Ch. A. I. Raju  et al. Int J S Res Sci. Tech. 2018 May-June;4(8) : 255-274 
 

 

266 

Table 7. Comparison between optimum values from 

CCD and experimentation 

 

Variable 

 

CCD 

 

Experimental  

pH of aqueous solution  4.1354 4.0 

Initial AR 

concentration, mg/L 
20.1222 20 

Biosorbent dosage, w, 

g/L 
41.9207 40 

Temperature, K 303.2657 303 

% biosorption 96.79145 90 

 

 
Figure  3.15. (a) Surface contour plot for the effects of 

pH and initial concentration of AR dye on % 

biosorption 

 
 

Figure  3.15. (b) Surface contour plot for the effects of 

pH and Dosage of AR dye in aqueous solution on % 

biosorption 

 
Figure  3.15 (c) Surface contour plot for the effects of 

pH and temperature of AR dye in aqueous solution on 

the % biosorption 

 
Figure  3.15. (d) Surface contour plot for the effects of 

concentration and dosage on % biosorption of AR dye 

 
 

Figure  3.15. (e) Surface contour plot for the effects of 

concentration and temperature on % biosorption of 

AR dye 
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Figure  3.15. (f) Surface contour plot for the effects of 

Dosage and temperature on % biosorption of AR dye 

 

3.10 Characterization of borassuspowder 

3.10.1 FTIR spectrum 

3.10.1 (a) FTIR spectrum of untreated Borassuspowder 

FTIR measurements presented in Figure  3.16 (a) show 

the broad band at 3359.09 cm-1 is due to –OH 

stretching or –NH2 stretching. The band at 2926.24 

cm-1 denote the presence of CH2 stretching vibrations. 

The band at 1733.52 cm-1 suggests the presence of 

Assymetric stretching vibration of C = O. The band at 

1645.93 cm-1 is may be due to the Oleifinic C = C and 

Carbonyl C = O stretching. Amide N–H bending 

vibrations of C=O is due at 1515.30 cm-1 band. 

 
Figure  3.16. (a) FTIR spectru m of untreated 

Borassus powder 

 

3.10.1(b) FTIR spectrum of treated Borassus powder 

FTIR spectrum for treated powder is shown in fig 

3.16(b). Broad band at 3359.17 cm-1 suggests –OH 

stretching or –NH2 stretching. The band at 2925.14 

cm-1 due to the presence of CH2 stretching vibrations. 

The band at 1737.91 cm-1 indicates the presence of 

Assymetric stretching vibration of C = O arising from 

group such as lactone, quinine and carboxylic acids. 

The Oleifinic C = C and Carbonyl C = O stretching, 

respectively appear at 1648.17 cm-1 band. The 

vibration at 1511.83 cm-1 be attributed to Amide N–H 

bending vibrations. Comparing IR spectra of Borassus 

before & after biosorption, the biosorption bands 

shifted to higher values. These shifts may be 

attributed to the changes in counter ions associated 

with carboxylate and hydroxyiate anions. This 

indicates that the main contributors in dye uptake are 

may be acidic groups, carboxyl and hydroxyl groups 

[75-79]. 

 
Figure  3.16 (b) FTIR spectrum of treated Borassus 

powder 

Table 9.  Shift of FTIR peaks for untreated and 

Borassus powder treated AR dye 

S. 

No. 

Peaks in 

untreated 

powder, cm-1 

Peaks in 

treated 

powder, 

cm-1 

Description 

1 

--- 609.36 2,4 benzene 

deformation out 

of phase 

2 

609.57 --- 2,4 benzene 

deformation out 

of phase 

3 --- 898.84 S = O and C–S–O 
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bands from ester 

sulphonate  

4 
--- 1048.53 C–H bending 

vibrations 

5 
1049.60 --- C–H bending 

vibrations 

6 --- 1244.42 -SO3 stretching 

7 1244.85 --- -SO3 stretching 

8 
1328.07 1328.07 –CH2 bending 

vibrations 

9 
--- 1372.02 –CH2 bending 

vibrations 

10 
1374.49 --- –CH2 bending 

vibrations 

11 1426.39 --- C–N stretching 

12 --- 1429.61 C–N stretching 

13 

--- 1511.83 Amide N–H 

bending 

vibrations 

14 

1515.30 --- Amide N–H 

bending 

vibrations 

15 

1645.93 --- Oleifinic C = C 

and Carbonyl C = 

O stretching 

16 

--- 1648.17 Oleifinic C = C 

and Carbonyl C = 

O stretching 

17 

1733.52 --- Assymetric 

stretching 

vibration of C = O 

18 

--- 1737.91 Assymetric 

stretching 

vibration of C = O 

19 
--- 2925.14 CH2 stretching 

vibrations 

20 
2926.24 --- CH2 stretching 

vibrations 

21 

3359.09 --- –OH stretching 

or –NH2 

stretching 

22 

--- 3359.17 –OH stretching 

or –NH2 

stretching 

 

3.10.2 XRD patterns 

3.10.2 (a) X–Ray Diffractionfor 

untreatedBorassuspowder  

XRD patterns shown in fig 3.17 (a) & (b) for untreated 

powder do not show very acute or keen and discrete 

peaks and exhibits minimum amorphous nature.  The 

peaks at 2θ values of 0.3845, 0.6273, 0.5076, 0.6547 

and 0.4937 corroborate the presence of NP3O13Se3, 

O2Si, Rb12Si17, AuCs and Al1.65Na1.65O4Si0.35.  Their 

corresponding d-values are 4.1049, 4.2516, 3.8633, 

3.0189 and 2.5648 [80-84]. 

 
Figure  3.17. (a) XRD pattern of untreated Borassus 

powder 

 
Figure  3.17. (b) XRD pattern of AR dye untreated 

Borassus powder with matching compounds 
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3.10.2 (b) X–Ray Diffractionfor 

treatedBorassuspowder  

XRD patterns of treated AR dye, shown in figs 3.17(c), 

show very spiky and clear peaks and exhibit 

absolutely amorphous nature. The peaks at 2θ values 

of 0.4584, 0.6664, 0.5909, 0.6593 and 0.6948 

corroborate the presence of Ni(HN2S2)2, O2Si, CCaO3, 

Cs23O14.15 and C (graphite). Their corresponding d-

values are 1.8171, 2.2843, 3.0168, 2.9714 and 2.1314 

respectively. 

 
Figure  3.17. (c) XRD pattern of AR dye treated 

Borassus powder with matching compounds 

 

IV. CONCLUSION   

1. The equilibrium agitation time for biosorption 

of AR dye is 40 min. 

2. The optimum dosage is 40 g/L 

3. % biosorption is increased upto pH = 4. 

4. The RSM optimized values are: w = 41.9207 g/L, 

pH = 4.1354, C0 = 20.1222 mg/L, T = 303.2657 K 

and extent of biosorption = 96.79145%. 

5. The experimental data are well represented by 

Langmuir (R2 = 0.9887)and Temkin  (R2 = 

0.9638) isotherms.  

6. The kinetic studies show that the biosorption of 

AR dye is described by both first order(R2= 

0.8686) and pseudo second order kinetics(R2 = 

0.8932).   

 The thermodynamic investigation reveal the 

spontaneity of the process –∆G is negative    (-

1202.6J/mole), irreversibility–∆S is positive 

(39.69356J/mole) and endothermic nature of 

biosorption–∆H is positive (14.5326J/mole). 

 

V. ACKNOWLEDGEMENT 

 

The Author expresses his deep sense of gratitude to 

Andhra University and Department of Chemical 

Engineering for providing chemicals, equipment and 

laboratory facilities.  

VI. REFERENCES 

 

[1]. J.A.S. Tenorio, D.C.R. Espinosa, Treatment of 

chromium plating process effluents with ion 

exchange resins, Waste Manage. 21 (2001) 637–

642. 

[2]. M.M. Matlock, B.S. Howerton, D.A. Atwood, 

Chemical precipitation of heavy metals from 

acid mine drainage, Water Res. 36 (2002) 4757– 

4764. 

[3]. L. Koene, L.J.J. Janssen, Removal of nickel from 

industrial process liquids, Electrochem. Acta 47 

(2001) 695–703. 

[4]. Y. Benito, M.L. Ruiz, Reverse osmosis applied to 

metal finishing wastewater, Desalination 142 

(2002) 229–234. 

[5]. B. Volesky, Z.R. Holan, Biosorption of heavy 

metals, Biotechnol. Prog. 11 (1995) 235–250. 

[6]. A. Kapoor, T. Viraraghavan, Fungal 

biosorption—an alternative treatment option for 

heavy metal bearingwastewaters: a review, 

Bioresource Technol. 53 (1995) 195–206. 

[7]. F. Veglio, F. Beolchini, Removal of metals by 

biosorption: a review, Hydrometallurgy 44 

(1997) 301–316. 

[8]. S. Altenor, M.C. Ncibi, E. Emmanuel, S. 

Gaspard, "Textural characteristics, 

physiochemical properties and adsorption 

efficiencies of Caribbean alga Turbinaria 

turbinata and its derived carbonaceous materials 

for water treatment application”, Biochemical 

Engineering Journal 67 (2012) 35– 44 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Dr. Ch. A. I. Raju  et al. Int J S Res Sci. Tech. 2018 May-June;4(8) : 255-274 
 

 

270 

[9]. Simeonova A, Godjevargova T, Ivanova D. 

Biosorption of heavy metals by dead 

Streptomyces fradiae. Environ Eng Sci 2008; 

25:627–34. 

[10]. Han R, Li H, Li Y. Biosorption of copper and 

lead ions by waste beer yeast. J Hazard Mater 

2006; 137:1569–76. 

[11]. Fu Y, Viraraghavan T. Dye biosorption sites in 

Aspergillus niger. Bioresour Technol 2002; 

82:139–45. 

[12]. Asku Z, Donmez G. A comparative study on the 

biosorption characteristics of some yeast for 

Remazol Blue reactive dye. Chemosphere 2003; 

50:1075–83. 

[13]. Calace N, Nardi E, Petronio BM. Adsorption of 

phenols by papermill sludges. Environ Pollut 

2002; 118:315–9. 

[14]. Daughney CJ, Fein JB. Sorption of 2,4,6-

trichlorophenol by Bacillus subtilis, Environ Sci 

Technol 1998;32:749–52. 

[15]. Lievremont D, Seigle-murandi FB, Benoit-guyod 

JL. Removal of PCNB from aqueous solution by 

a fungal adsorption process. Water Res 1998; 

32:3601–6. 

[16]. Vijayaraghavan K, Yun Y. Bacterial biosorbents 

and biosorption. Biotechnol Adv 2008; 26:266–

91. 

[17]. Chattopadhyaya G, Macdonald DG, Bakhshi 

NN, Mohammadzadeh JSS, Dalai AK. Adsorptive 

removal of sulfur dioxide by saskatchewan 

lignite and its derivatives. Fuel 2006; 85:1803–

10. 

[18]. Bashkova S, Bagreev A, Locke DC, Bandosz TJ. 

Adsorption of SO2 on sewage sludge-derived 

materials. Environ Sci Technol 2001; 35:3263–9. 

[19]. Xu L, Guo J, Jin F, Zeng H. Removal of SO2 

from O2-containing flue gas by activated carbon 

fiber (ACF) impregnated with NH3. 

Chemosphere 2006;62: 823–6. 

[20]. Mangun CL, Debarr JA, Economy J. Adsorption 

of sulfur dioxide on ammoniatreated activated 

carbon fibers. Carbon 2001; 39:1689–96. 

[21]. Gaur V, Asthana R, Verma N. Removal of SO2 

by activated carbon fibers in the presence of O2 

and H2O. Carbon 2006; 44:46–60. 

[22]. Hameed, B. H., A. A. Ahmad, and N. Aziz. 

"Isotherms, kinetics and thermodynamics of acid 

dye adsorption on activated palm ash." Chemical 

Engineering Journal 133, no. 1-3 (2007): 195-

203. 

[23]. Chuah, T. G., A. Jumasiah, I. Azni, S. Katayon, 

and SY Thomas Choong. "Rice husk as a 

potentially low-cost biosorbent for heavy metal 

and dye removal: an overview." Desalination 

175, no. 3 (2005): 305-316. 

[24]. Hameed, B. H., and A. A. Ahmad. "Batch 

adsorption of methylene blue from aqueous 

solution by garlic peel, an agricultural waste 

biomass." Journal of hazardous materials164, no. 

2-3 (2009): 870-875. 

[25]. Lorenc-Grabowska, Ewa, and Grazyna 

Gryglewicz. "Adsorption characteristics of 

Congo Red on coal-based mesoporous activated 

carbon." Dyes and pigments 74, no. 1 (2007): 34-

40. 

[26]. Ahmad, Rais, and Rajeev Kumar. "Adsorption 

studies of hazardous malachite green onto 

treated ginger waste." Journal of environmental 

management 91, no. 4 (2010): 1032-1038. 

[27]. Mall, Indra Deo, Vimal Chandra Srivastava, 

Nitin Kumar Agarwal, and Indra Mani Mishra. 

"Adsorptive removal of malachite green dye 

from aqueous solution by bagasse fly ash and 

activated carbon-kinetic study and equilibrium 

isotherm analyses." Colloids and Surfaces A: 

Physicochemical and Engineering Aspects 264, 

no. 1-3 (2005): 17-28. 

[28]. Ofomaja, Augustine E. "Kinetic study and 

sorption mechanism of methylene blue and 

methyl violet onto mansonia (Mansonia 

altissima) wood sawdust." Chemical Engineering 

Journal 143, no. 1-3 (2008): 85-95. 

[29]. Mckay, Gordon, M. El Geundi, and M. M. 

Nassar. "Equilibrium studies during the removal 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Dr. Ch. A. I. Raju  et al. Int J S Res Sci. Tech. 2018 May-June;4(8) : 255-274 
 

 

271 

of dyestuffs from aqueous solutions using 

bagasse pith." Water research 21, no. 12 (1987): 

1513-1520. 

[30]. Vogel, R., P. Hoyer, and H. Weller. "Quantum-

sized PbS, CdS, Ag2S, Sb2S3, and Bi2S3 particles 

as sensitizers for various nanoporous wide-

bandgap semiconductors." The Journal of 

Physical Chemistry 98, no. 12 (1994): 3183-

3188. 

[31]. Annadurai, G., and M. R. V. Krishnan. 

"Adsorption of acid dye from aqueous solution 

by chitin: Equilibrium studies." (1997). 

[32]. Li, Yanhui, Qiuju Du, Tonghao Liu, Xianjia 

Peng, Junjie Wang, Jiankun Sun, Yonghao 

Wang et al. "Comparative study of methylene 

blue dye adsorption onto activated carbon, 

graphene oxide, and carbon nanotubes." 

Chemical Engineering Research and Design 91, 

no. 2 (2013): 361-368. 

[33]. Mittal, Alok, Jyoti Mittal, Arti Malviya, Dipika 

Kaur, and V. K. Gupta. "Decoloration treatment 

of a hazardous triarylmethane dye, Light Green 

SF (Yellowish) by waste material adsorbents." 

Journal of Colloid and Interface Science 342, no. 

2 (2010): 518-527. 

[34]. Alpat, Sibel Kılınç, ozge ozbayrak, Şenol Alpat, 

and Husamettin Akçay. "The adsorption kinetics 

and removal of cationic dye, Toluidine Blue O, 

from aqueous solution with Turkish zeolite." 

Journal of hazardous materials 151, no. 1 (2008): 

213-220. 

[35]. Demirbas, E., M. Kobya, and M. T. Sulak. 

"Adsorption kinetics of a basic dye from aqueous 

solutions onto apricot stone activated carbon." 

Bioresource technology 99, no. 13 (2008): 5368-

5373. 

[36]. Mittal, Atul K., and S. K. Gupta. "Biosorption of 

cationic dyes by dead macro fungus Fomitopsis 

carnea: batch studies." Water science and 

technology 34, no. 10 (1996): 81-87. 

[37]. Gulnaz, Osman, Aysenur Kaya, and Sadik 

Dincer. "The reuse of dried activated sludge for 

adsorption of reactive dye." Journal of 

Hazardous Materials 134, no. 1-3 (2006): 190-

196. 

[38]. Aksu, Zumriye, and Gonul Donmez. "A 

comparative study on the biosorption 

characteristics of some yeasts for Remazol Blue 

reactive dye." Chemosphere 50, no. 8 (2003): 

1075-1083. 

[39]. Lian, Lili, Liping Guo, and Chunjing Guo. 

"Adsorption of Congo red from aqueous 

solutions onto Ca-bentonite." Journal of 

Hazardous Materials 161, no. 1 (2009): 126-131. 

[40]. Mohammadi, Nourali, Hadi Khani, Vinod 

Kumar Gupta, Ehsanollah Amereh, and Shilpi 

Agarwal. "Adsorption process of methyl orange 

dye onto mesoporous carbon material–kinetic 

and thermodynamic studies." Journal of colloid 

and interface science 362, no. 2 (2011): 457-462. 

[41]. Daneshvar, N., H_ Ashassi-Sorkhabi, and A. 

Tizpar. "Decolorization of orange II by 

electrocoagulation method." Separation and 

purification Technology 31, no. 2 (2003): 153-

162. 

[42]. Oladoja, N. A., C. O. Aboluwoye, Y. B. 

Oladimeji, A. O. Ashogbon, and I. O. 

Otemuyiwa. "Studies on castor seed shell as a 

sorbent in basic dye contaminated wastewater 

remediation." Desalination 227, no. 1-3 (2008): 

190-203. 

[43]. Yasin, Yamin, Mohd Zobir Hussein, and Faujan 

Hj Ahmad. "Adsorption of methylene blue onto 

treated activated carbon." Malaysian Journal of 

analytical sciences 11, no. 2 (2007): 400-406. 

[44]. ALzaydien, Atef S. "Adsorption of methylene 

blue from aqueous solution onto a low-cost 

natural Jordanian Tripoli." American Journal of 

Applied Sciences 6, no. 6 (2009): 1047. 

[45]. Hameed, B. H. "Removal of cationic dye from 

aqueous solution using jackfruit peel as non-

conventional low-cost adsorbent." Journal of 

hazardous materials 162, no. 1 (2009): 344-350. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Dr. Ch. A. I. Raju  et al. Int J S Res Sci. Tech. 2018 May-June;4(8) : 255-274 
 

 

272 

[46]. Wang, Qi, Zhaokun Luan, Ning Wei, Jin Li, and 

Chengxi Liu. "The color removal of dye 

wastewater by magnesium chloride/red mud 

(MRM) from aqueous solution." Journal of 

hazardous materials 170, no. 2-3 (2009): 690-

698. 

[47]. Lian, Lili, Liping Guo, and Chunjing Guo. 

"Adsorption of Congo red from aqueous 

solutions onto Ca-bentonite." Journal of 

Hazardous Materials 161, no. 1 (2009): 126-131. 

[48]. Mohammadi, Nourali, Hadi Khani, Vinod 

Kumar Gupta, Ehsanollah Amereh, and Shilpi 

Agarwal. "Adsorption process of methyl orange 

dye onto mesoporous carbon material–kinetic 

and thermodynamic studies." Journal of colloid 

and interface science 362, no. 2 (2011): 457-462. 

[49]. Ho, Yuh-Shan, Chun-Chiao Chiang, and Yung-

Chien Hsu. "Sorption kinetics for dye removal 

from aqueous solution using activated clay." 

Separation Science and Technology 36, no. 11 

(2001): 2473-2488. 

[50]. Alkan, Mahir, ozkan Demirbaş, Sermet 

Celikcapa, and Mehmet Dogan. "Sorption of acid 

red 57 from aqueous solution onto sepiolite." 

Journal of Hazardous Materials 116, no. 1-2 

(2004): 135-145. 

[51]. McKay, Gordon. "Adsorption of dyestuffs from 

aqueous solutions with activated carbon I: 

Equilibrium and batch contact-time studies." 

Journal of chemical technology and 

biotechnology 32, no. 7-12 (1982): 759-772. 

[52]. Gimbert, Frédéric, Nadia Morin-Crini, François 

Renault, Pierre-Marie Badot, and Grégorio 

Crini. "Adsorption isotherm models for dye 

removal by cationized starch-based material in a 

single component system: error analysis." 

Journal of Hazardous Materials 157, no. 1 

(2008): 34-46. 

[53]. Xue, Yongjie, Haobo Hou, and Shujing Zhu. 

"Adsorption removal of reactive dyes from 

aqueous solution by modified basic oxygen 

furnace slag: isotherm and kinetic study." 

Chemical Engineering Journal 147, no. 2-3 

(2009): 272-279. 

[54]. Ho, Y. S., and C. C. Wang. "Pseudo-isotherms 

for the sorption of cadmium ion onto tree fern." 

Process Biochemistry 39, no. 6 (2004): 761-765. 

[55]. Porter, J. F., G. McKay, and K. H. Choy. "The 

prediction of sorption from a binary mixture of 

acidic dyes using single-and mixed-isotherm 

variants of the ideal adsorbed solute theory." 

Chemical Engineering Science 54, no. 24 (1999): 

5863-5885. 

[56]. Sivaraj, Rajeshwari, C. Namasivayam, and K. 

Kadirvelu. "Orange peel as an adsorbent in the 

removal of acid violet 17 (acid dye) from 

aqueous solutions." Waste management 21, no. 1 

(2001): 105-110. 

[57]. Walker, G. M., L. Hansen, J-A. Hanna, and S. J. 

Allen. "Kinetics of a reactive dye adsorption 

onto dolomitic sorbents." Water Research 37, 

no. 9 (2003): 2081-2089. 

[58]. Tan, I. A. W., B. H. Hameed, and A. L. Ahmad. 

"Equilibrium and kinetic studies on basic dye 

adsorption by oil palm fibre activated carbon." 

Chemical Engineering Journal 127, no. 1-3 

(2007): 111-119. 

[59]. Al-Ghouti, M., M. A. M. Khraisheh, M. N. M. 

Ahmad, and S. Allen. "Thermodynamic 

behaviour and the effect of temperature on the 

removal of dyes from aqueous solution using 

modified diatomite: a kinetic study." Journal of 

Colloid and Interface Science 287, no. 1 (2005): 

6-13. 

[60]. Hameed, B. H., A. A. Ahmad, and N. Aziz. 

"Isotherms, kinetics and thermodynamics of acid 

dye adsorption on activated palm ash." Chemical 

Engineering Journal 133, no. 1-3 (2007): 195-

203. 

[61]. Wang, Li, Jian Zhang, Ran Zhao, Cong Li, Ye Li, 

and Chenglu Zhang. "Adsorption of basic dyes 

on activated carbon prepared from Polygonum 

orientale Linn: equilibrium, kinetic and 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Dr. Ch. A. I. Raju  et al. Int J S Res Sci. Tech. 2018 May-June;4(8) : 255-274 
 

 

273 

thermodynamic studies." Desalination 254, no. 

1-3 (2010): 68-74. 

[62]. Kyzas, George Z., Nikolaos K. Lazaridis, and 

Athanassios Ch Mitropoulos. "Removal of dyes 

from aqueous solutions with untreated coffee 

residues as potential low-cost adsorbents: 

Equilibrium, reuse and thermodynamic 

approach." Chemical engineering journal 189 

(2012): 148-159. 

[63]. Wang, Lianggui. "Application of activated 

carbon derived from ‘waste’bamboo culms for 

the adsorption of azo disperse dye: Kinetic, 

equilibrium and thermodynamic studies." 

Journal of Environmental Management 102 

(2012): 79-87. 

[64]. Boparai, Hardiljeet K., Meera Joseph, and Denis 

M. O’Carroll. "Kinetics and thermodynamics of 

cadmium ion removal by adsorption onto nano 

zerovalent iron particles." Journal of hazardous 

materials 186, no. 1 (2011): 458-465. 

[65]. El-Latif, MM Abd, Amal M. Ibrahim, and M. F. 

El-Kady. "Adsorption equilibrium, kinetics and 

thermodynamics of methylene blue from 

aqueous solutions using biopolymer oak sawdust 

composite." J. Am. Sci 6, no. 6 (2010): 267-283. 

[66]. Kayranli, Birol. "Adsorption of textile dyes onto 

iron based waterworks sludge from aqueous 

solution; isotherm, kinetic and thermodynamic 

study." Chemical Engineering Journal173, no. 3 

(2011): 782-791. 

[67]. Alslaibi, Tamer M., Ismail Abustan, Mohd 

Azmier Ahmad, and Ahmad Abu Foul. 

"Application of response surface methodology 

(RSM) for optimization of Cu2+, Cd2+, Ni2+, 

Pb2+, Fe2+, and Zn2+ removal from aqueous 

solution using microwaved olive stone activated 

carbon." Journal of Chemical Technology and 

Biotechnology 88, no. 12 (2013): 2141-2151. 

[68]. Kafshgari, Leila Asadi, Mohsen Ghorbani, 

Asghar Azizi, Shilpi Agarwal, and Vinod Kumar 

Gupta. "Modeling and optimization of Direct 

Red 16 adsorption from aqueous solutions using 

nanocomposite of MnFe2O4/MWCNTs: RSM-

CCRD model." Journal of Molecular Liquids 233 

(2017): 370-377. 

[69]. Pi, Ke-Wu, Qu Xiao, Hui-Qin Zhang, Min Xia, 

and Andrea R. Gerson. "Decolorization of 

synthetic methyl orange wastewater by 

electrocoagulation with periodic reversal of 

electrodes and optimization by RSM." Process 

safety and environmental protection 92, no. 6 

(2014): 796-806. 

[70]. Remenarova, Lucia, Martin Pipiska, Eva 

Florkova, Miroslav Hornik, Marian Rozložnik, 

and Jozef Augustin. "Zeolites from coal fly ash as 

efficient sorbents for cadmium ions." Clean 

Technologies and Environmental Policy 16, no. 

8 (2014): 1551-1564. 

[71]. Ahmady-Asbchin, Salman, Reza Tabaraki, Naser 

Jafari, Abdollah Allahverdi, and Ashkan 

Azhdehakoshpour. "Study of nickel and copper 

biosorption on brown algae Sargassum 

angustifolium: application of response surface 

methodology (RSM)." Environmental 

technology 34, no. 16 (2013): 2423-2431. 

[72]. Khatri, Rajesh A., Steven SC Chuang, Yee 

Soong, and McMahan Gray. "Carbon dioxide 

capture by diamine-grafted SBA-15: A 

combined Fourier transform infrared and mass 

spectrometry study." Industrial & Engineering 

Chemistry Research 44, no. 10 (2005): 3702-

3708. 

[73]. Bhargava, Rohit. "Towards a practical Fourier 

transform infrared chemical imaging protocol 

for cancer histopathology." Analytical and 

bioanalytical chemistry 389, no. 4 (2007): 1155-

1169. 

[74]. Wahab, Mohamed Ali, Salah Jellali, and Naceur 

Jedidi. "Ammonium biosorption onto sawdust: 

FTIR analysis, kinetics and adsorption isotherms 

modeling." Bioresource Technology101, no. 14 

(2010): 5070-5075. 

[75]. Thistlethwaite, P. J., and M. S. Hook. "Diffuse 

reflectances Fourier transform infrared study of 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Dr. Ch. A. I. Raju  et al. Int J S Res Sci. Tech. 2018 May-June;4(8) : 255-274 
 

 

274 

the adsorption of oleate/oleic acid onto titania." 

Langmuir 16, no. 11 (2000): 4993-4998. 

[76]. Wang, Yan, Koichi Murayama, Yoshiki Myojo, 

Roumiana Tsenkova, Nobuyuki Hayashi, and 

Yukihiro Ozaki. "Two-dimensional Fourier 

transform near-infrared spectroscopy study of 

heat denaturation of ovalbumin in aqueous 

solutions." The Journal of Physical Chemistry B 

102, no. 34 (1998): 6655-6662. 

[77]. Qu, Lianhua, and Xiaogang Peng. "Control of 

photoluminescence properties of CdSe 

nanocrystals in growth." Journal of the 

American Chemical Society 124, no. 9 (2002): 

2049-2055. 

[78]. Huang, Chih-Hung, Kai-Ping Chang, Hong-De 

Ou, Yu-Chun Chiang, E-E. Chang, and Chu-

Fang Wang. "Characterization and application of 

Ti-containing mesoporous silica for dye removal 

with synergistic effect of coupled adsorption and 

photocatalytic oxidation." Journal of hazardous 

materials 186, no. 2-3 (2011): 1174-1182. 

[79]. Wang, Guoxiu, Juan Yang, Jinsoo Park, 

Xinglong Gou, Bei Wang, Hao Liu, and Jane 

Yao. "Facile synthesis and characterization of 

graphene nanosheets." The Journal of Physical 

Chemistry C 112, no. 22 (2008): 8192-8195. 

[80]. Liu, Wen, Ting Wang, Alistair GL Borthwick, 

Yanqi Wang, Xiaochen Yin, Xuezhao Li, and 

Jinren Ni. "Adsorption of Pb2+, Cd2+, Cu2+ and 

Cr3+ onto titanate nanotubes: Competition and 

effect of inorganic ions." Science of the Total 

Environment456 (2013): 171-180. 

[81]. Zhang, Xi, Lizhi Zhang, Tengfeng Xie, and 

Dejun Wang. "Low-temperature synthesis and 

high visible-light-induced photocatalytic 

activity of BiOI/TiO2 heterostructures." The 

Journal of Physical Chemistry C 113, no. 17 

(2009): 7371-7378. 

[82]. Liang Lva, Jing Hea, Min Weia, D.G. Evansa, 

Xue Duan, "Uptake of chloride ion from aqueous 

solution by calcined layered double hydroxides: 

equilibrium and kinetic studies", Water 

Research, 40:4, 2006, 735-743. 

[83]. Gupta V.K and Rastogi A, "Biosorption of SCB 

dye from aqueous solutions by green algae 

spirogyra species: Kinetics and equilibrium 

studies”, Journal of Hazardous Materials, 152:  

2008, 407–414.  

[84]. Flavio A. Pavan, Ana C. Mazzocato, Rosangela 

A. Jacques, Silvio L.P. Dias, "Ponkan peel A 

potential biosorbent for removal of Pb(II) ions 

from aqueous solution”, Biochemical 

Engineering Journal, 40: 2008, 357–362. 

 


