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Biosorption of a Basic Dye from Aqueous
Solutions by Euphorbia rigida

Özgül Gerçel

Faculty of Engineering and Architecture, Department of Environmental

Engineering, Anadolu University, Eskişehir, Turkey

Abstract: In this study, the biosorption of Basic Blue 9 (BB9) dye from aqueous

solutions onto a biomass of Euphorbia rigida was examined by means of the initial bio-

sorbate concentration, biosorbent amount, particle size, and pH. Biosorption of BB9

onto E. rigida increases with both the initial biosorbate concentration and biosorbent

amount, whereas decreases with the increasing particle size. The experimental data

indicated that the biosorption isotherms are well-described by the Langmuir equili-

brium isotherm equation at 20, 30, and 408C. Maximum biosorption capacity was

3.28 � 1024 mol g21 at 408C. The biosorption kinetics of BB9 obeys the pseudo-

second-order kinetic model. The thermodynamic parameters such as DG8, DH8 and

DS8 were calculated to estimate the nature of biosorption. These experimental results

have indicated that E. rigida has the potential to act as a biosorbent for the removal

of Basic Blue 9 from aqueous solutions.

Keywords: Basic dye, biosorption, biomass, isotherms, kinetics

INTRODUCTION

Synthetic dyes are widely used in many industries including textile, paper-

making, printing, plastics, food, rubber, cosmetics, etc. Effluents from the

textile industry are highly colored and can cause serious environmental

problems. The discharge of colored waste is damaging the aesthetic nature

of receiving streams and colored agents interfere with the transmission of
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sunlight through water and therefore reduce photosynthesis. The degradation

of these effluents either conventional chemical or biological processes have

been employed, but these methods have been ineffective since most of the

dyes are nonbiodegradable, stable in light, and oxidation (1–8).

Adsorption is likely the simplest process for the textile dye effluents

removal (9). Although activated carbon is the most widely used adsorbent

in the adsorption process, its high cost in production and regeneration make

it uneconomical. In this respect, new, low-cost, easily available, and highly

effective adsorbents are still needed to search for the adsorption process.

These kinds of adsorbents such as kudzu (10), sawdust (11), peanut hull

pellet (12), peat (13, 14), pith (3), fly ash (15, 16), waste coir pith (17),

sugarcane dust (18) and de-oiled soya (19) have been studied by many

researchers, but none of them has used Euphorbia rigida as an adsorbent

for the dye removal by adsorption from aqueous solutions.

Euphorbia rigida is a member of the Euphorbiaceae family which

comprises approximately 1000 species of all sizes that grow throughout the

world (20). Euphorbia species are not used for animal food or commercial

material. They can produce milky latex, which contains wide range of

chemicals such as rubber, oils, terpenes, waxes, hydrocarbons, starch,

resins, tannins, and balsams.

The characteristics of the biosorption behavior are generally understood in

terms of both the biosorption kinetics and the equilibrium isotherm. The bio-

sorption isotherm is also an inevitable tool for the theoretical evaluation and

interpretation of the thermodynamic parameters. For biosorption kinetics

temporal variations of the amount of biosorption are measured and thus the

obtained experimental data are used to develop a proper kinetic model (13, 21).

The research in this present paper is to investigate the possibility of

E. rigida, which is easily available, arid-land renewable plant, low-cost, as

an adsorbent for the removal of a cationic basic dye, Basic Blue 9 (BB9)

(methylene blue) from aqueous solutions by the adsorption method. The

experiments were carried out with a batch system with respect to pH, biosor-

bent dosage, initial dye concentration, particle size, salt concentration, and

contact time. The experimental data were applied to the various kinetic

models, which are the Lagergren first-order, the pseudo-second-order and

intraparticle diffusion; and isotherm models, which are the Langmuir,

Freundlich, Temkin, and Dubinin-Radushkevich (D-R). Finally, the thermo-

dynamic parameters were calculated from the Langmuir isotherm constant.

EXPERIMENTAL

Biosorbent

In this study, E. rigida was chosen as a biosorbent source due to the fact that it

is abundant, easily available, low-cost, renewable, and arid-land plant
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material. E. rigida was dried in sunlight and crushed with a blender and sieved

to the various particle sizes. The prepared biosorbent was a uniformly mixed

sample containing all plant components including leaf and stem. The

proximate analysis of E. rigida was performed by a muffle furnace and the

elemental analysis was carried out by using Fisons, EA 1108 Elemental

Analyzer and the results were given in Table 1.

Dye Solution Preparation

Basic Blue 9 dye was used in the biosorption experiments and was obtained

from Merck. The chemical structure of BB9 is illustrated Fig. 1. An accurately

weighed quantity of the dye was dissolved in deionized water to prepare stock

dye solution (500 mg dm23). Other concentrations varied between 100 and

400 mg dm23 were prepared from stock solution by dilution.

Biosorption Experiments

Biosorption experiments were carried out using batch equilibration technique

at different pH values, adsorbent feeds, initial dye concentrations, particle

sizes, salt concentrations, and various temperatures. The experiments were

done in Erlenmeyer (100 ml) at an agitation speed of 300 rpm on a

magnetic stirrer.

First, the effect of the solution pH on the biosorption capacity of BB9 onto

E. rigida was examined by equilibrating the biosorption mixture with dried

biosorbent (2.0 g dm23) and 50 ml of 100 mg dm23 BB9 solution at 208C,

adjusting the pH value between 2 and 10. The initial pH was controlled

by addition of 0.1 M HCl or NaOH solution. The effect of biosorbent concen-

tration on BB9 biosorption was also determined using biosorbent samples

Table 1. Proximate analysis and elemental compo-

sitions of E. rigida

% (wt as-received)

Fixed C 14.3

Volatile matter 76.2

Moisture content (as gathered) 3.0

Ash weight (air dried sample) 6.5

Component % (wt daf)

Carbon 53.6

Oxygen 35.9

Hydrogen 8.3

Nitrogen 2.2
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ranging from 0.6 to 20.0 g dm23 at 50 ml of 100 mg dm23 BB9 solution and

pH of 6.0 for 240 min at 208C. When the biosorption procedure was

completed, the solutions were centrifuged at 4500 rpm for 5 min and the

supernatants were then analyzed for residual BB9 concentrations by using

UV Spectrophotometer (Shimadzu UV-1700) at lmax 665 nm. The optimum

pH and biosorbent concentrations were determined as 6.0 and 2.0 g dm23,

respectively and used throughout all biosorption experiments.

The effect of initial dye concentration on the equilibrium uptake was

estimated by contacting 2.0 g dm23 of E. rigida particles with 50 ml of dye

solution of different concentrations ranging from 100 mg dm23 to

400 mg dm23. The experiments were carried out by contacting 100 mg dm23

of BB9 concentration with 2.0 g dm23 of E. rigida of different particle sizes

ranging from 0.112 mm to 1.8 mm to determine the optimum particle size on

the equilibrium uptake of dye. The effect of salt concentration (ionic

strength) on the amount of BB9 adsorbed or removed by E. rigida was

analyzed over the NaCl or KCl concentration range from 0 to 0.3 mol dm23.

In this part of experiments, 50 ml, 100 mg dm23 of dye solution was agitated

with 2.0 g dm23 of E. rigida.

Biosorption kinetics experiments were carried out agitating 250 ml of the

dye solution of 400 mg dm23 with 10.0 g dm23 of E. rigida, at the tempera-

tures of 20, 30, and 408C and at various time intervals. Finally, equilibrium

studies were performed by contacting 2.0 g dm23 of E. rigida particles with

50 ml of dye solution of different initial dye concentrations of 100, 150,

200, 250, 300, 350, 400 mg dm23 at the temperatures of 20, 30, and 408C.

RESULT AND DISCUSSION

Effect of Initial pH

Figure 2 presents the effect of pH on the amount of BB9 biosorbed onto

E. rigida with respect to qe (mg g21) and the percentage of BB9 removal

efficiency at different initial pH values at 208C. Where qe was obtained

from the mass balance equation given by:

qe ¼
ðCo � CeÞV

m
ð1Þ

Figure 1. The chemical structure of Basic Blue 9 (BB9).
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where, Co (mg dm23) and Ce (mg dm23) is the concentration in the solution

at time t ¼ 0 and at equilibrium time respectively, V is the volume of

solution, and m is the amount of biomass added (g).

As shown in Fig. 2, the solution pH affects the dye biosorption ontoE. rigida.

BB9 biosorption was observed as a minimum at the pH 2 and the percentage

removal was 6.00%. It was observed that the amount of dye adsorbed was

increased with the pH value increasing from 2 to 6 and the removal of BB9 at

this range also increased from 6.00% to 76.93%. At higher pH values of 6–10,

the dye biosorption was approximately constant and dye removal was almost

constant by 77.93% at pH 10. Optimum pH value for BB9 biosorption onto E.

rigida was observed at pH 6. At lower pH, the number of positively charged

active sites increased and the number of negatively charged biosorbent sites

decreased. Also, lower biosorption of BB9 at acidic pH is due to the presence

of excess Hþ ions competing with dye cations. The surface of E. rigida may

be negatively charged at higher pH values, thus the positively charged dye

cations are held on to the biosorbent because of electrostatic force attraction

between dye and biosorbent. Other adsorbents, such as waste coir pith (17) and

chaff (22) have the same results about the pH effect on BB9 biosorption.

Effect of Biosorbent Dose

The effects of E. rigida dose on the removal (%) of BB9 and the biosorption

amount (mg g21) of BB9 are discussed in details below. It was observed that

the amount of dye adsorbed decreased from 93.3 mg g21 to 3.9 mg g21 with

Figure 2. Effect of pH for the biosorption of BB9 onto E. rigida at 208C.
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increasing in the biosorbent dose from 0.6 g dm23 to 20.0 g dm23. However

the percentage of dye removal increased from 56 to 78% with an increase

in biosorbent dose 0.6 g dm23 to 20.0 g dm23. This indicates that with an

increase in biosorbent dose, more surface area is made available and

therefore this increase in the total number of sites. At higher E. rigida dose,

there is a very fast superficial biosorption onto biosorbent surface that

produces a lower dye concentration in the solution than that of lower biosor-

bent doses. This is because the fixed mass of biomass can only adsorb a certain

amount of dye. In spite of the increase in biosorbent dose, the amount of dye

biosorbed onto unit weight of biosorbent reduced (13). The amount of

E. rigida dose for further biosorption experiments was selected as 2.0 g dm23.

Effect of Initial Dye Concentration

The effect of initial dye concentration for BB9 biosorption onto E. rigida was

shown in Fig. 3. An increase in the initial dye concentration from 100 mg dm23

to 400 mg dm23 leads to an increase in the amount of dye from 38.5 mg g21 to

81.0 mg g21 biosorbed onto E. rigida.

Effect of Particle Size

The influence of particle size of E. rigida on the amount of BB9 adsorbed was

investigated. Biosorption of dye onto E. rigida increases from 27.0 to

Figure 3. Effect of initial dye concentration for the biosorption of BB9 onto E. rigida

at 208C.
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38.5 mg g21 with the decrease in the particle size range from 0.125–0.250 to

1.250–1.800 mm.

This is also similar to other investigations (23, 24). The increase in the

dye biosorption as the particle size decreases is probably due to the increase

in the surface area and also suggests that the external transport limits the

rate of biosorption.

Effect of Salt Concentrations

Dye wastewaters discharged from textile and dyestuff industries usually

contain salt. This is very important for the biosorption processes. The

effects of salt concentration (ionic strength) on BB9 biosorbed onto

E. rigida were tested by the addition of sodium chloride and potassium

chloride to the dye solutions. On increasing the ionic strength of the

solution caused the decrease in the amount of BB9 biosorbed onto per unit

mass of biomass. This could be attributed to the competition of BB9 cation

and Naþ and Kþ ions for the biosorption sites. The concentration of salt is

increased from 0 to 0.3 mol dm23 the amount of BB9 sorbed onto E. rigida

decreased from 38.5 to 15.1 and 15.2 mg g21 for NaCl and KCl, respectively.

This accords well with the findings of an investigator (22).

Effect of Contact Time

The biosorption capacity of BB9 removed by E. rigida versus contact time is

illustrated in Fig. 4. It can be seen that the biosorbed amount of BB9 increased

with contact time up to 240 min, after that a maximum removal is attained.

Therefore, 240 min was selected as the optimum contact time for all further

experiments.

Kinetics of Biosorption

The kinetics of biosorption is one of the most important characteristics in

defining the efficiency of biosorption. The principle of the biosorption

kinetics involves the search for the best model that well presents the exper-

imental data. Various kinetics models such as the Lagergren first–order

(25), the pseudo–second–order (26), and the intraparticle diffusion (27)

have been used in this study to predict biosorption kinetics. The Lagergren

first–order kinetic model equation (25) is given as:

lnðqe � qtÞ ¼ ln qe � k1t ð2Þ

where qe and qt are the amounts of the dye biosorbed at equilibrium and at time

t, in mg g21, and k1 is the Lagergren first-order rate constant (min21), was
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applied to the biosorption of BB9. Values of k1 calculated from the slopes of

the related plots of ln (qe–qt) versus t (Fig. 5) are given in Table 2.

A linear form of the pseudo–second–order kinetic equation (26) for the

biosorption of BB9 may be expressed in the following form:

t

qt

¼
1

k2q
2
2

þ
1

q2

t ð3Þ

where k2 is the rate constant of biosorption (g mg21min21), q2 is the amount of

dye biosorbed at equilibrium (mg g21) and qt is the amount of dye biosorbed

onto the surface of E. rigida at any time.

The rate constants, k2, for the biosorption of Basic Blue 9 onto E.

rigida were determined from the pseudo–second–order equation. The

straight–line plots of t/qt versus t were drawn for the pseudo–second–

order biosorption kinetics in Fig. 6. The kinetic data for the biosorption

of BB9 under various conditions were calculated from the related plots

and were given Table 2. The correlation coefficients for the pseudo–

second–order kinetic model were higher than that of the Lagergren first–

order. It is probable, therefore, that the biosorption system fits to the

pseudo–second–order kinetic model.

The Lagergren first–order and pseudo–second–order kinetic models can

not identify the diffusion mechanism and the kinetic results were then

analyzed by using the intraparticle diffusion model. The intraparticle

Figure 4. Effect of contact time for the biosorption of BB9 onto E. rigida at various

temperatures.
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diffusion model presented here refers to the theory proposed by Weber and

Morris (27) who concluded that the uptake is proportional to the square root

of contact time during the course of biosorption. It can be written by

following:

qt ¼ kpt
1=2 þ C ð4Þ

where C is the intercept, and kp is the intraparticle diffusion rate constant

(mg g21 min21/2). According to this model, the plot of uptake, qt, versus

the square root of time, t1/2, (Fig. 7) should be linear if the intraparticle

diffusion is involved in the biosorption process and if these lines pass

through the origin then intraparticle diffusion is the rate-controlling step

(28, 29). When the plots do not pass through the origin, this is indicative of

some degree of boundary layer control and this further shows that the intrapar-

ticle diffusion is not the only rate-limiting step, but also other kinetic models

may control the rate of biosorption, all of which may be operating simul-

taneously. The slope of the linear portion from the figure can be used to

derive values for the rate parameter, kp, for the intraparticle diffusion

(Table 2). The correlation coefficients (rp
2) for the intraparticle diffusion

model are also lower than the pseudo-second-order model, whereas this

model indicates that the biosorption of BB9 onto E. rigida may be followed

by an intraparticle diffusion model up to 60 min.

Figure 5. Lagergren’s first–order kinetic plots for the biosorption of BB9 onto

E. rigida at various temperatures.
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Table 2. Kinetic parameters for the biosorption of BB9 onto E. rigida at various temperatures

Lagergren first–order Pseudo–second–order Intraparticle diffusion

t (8C) k1 (min21) qe (mg g21) r1
2

k2 (g mg21

min21) q2(mg g21) r2
2

kp (g mg21

min21/2) C (mg g21) rp
2

20 2.27 � 1022 32.22 0.970 1.36 � 1023 84.46 0.999 6.08 29.44 0.983

30 2.19 � 1022 32.40 0.982 1.39 � 1023 88.63 0.999 3.65 48.58 0.943

40 2.16 � 1022 29.26 0.943 1.66 � 1023 93.49 0.999 3.40 57.50 0.985
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Figure 6. Pseudo–second–order kinetic plots for the biosorption of BB9 onto

E. rigida at various temperatures.

Figure 7. Intraparticle diffusion plots for the biosorption of BB9 onto E. rigida at

various temperatures.
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Biosorption Isotherms

One of the most important data to understand the mechanism of the bio-

sorption is the equilibrium biosorption isotherms. Various isotherms for

describing biosorption systems, which are the Langmuir (30), the Freun-

dlich (31), the Temkin (32), and the Dubinin–Radushkevich (D–R) (33)

isotherms, can be used.

The linearized form of the Langmuir biosorption isotherm equation (30) is:

Ce

qe

¼
1

KLqm

þ
Ce

qm

ð5Þ

The Langmuir constants, which are qm and KL values, can be calculated from

the plot Ce/qe versus Ce. Figure 8 shows the Langmuir biosorption isotherms

of BB9 onto E. rigida at different temperatures. The experimental results

indicated that the values of qm increase with increasing temperature and

therefore biosorption follows the endothermic process (34). The maximum

biosorption capacity was determined as 3.28 � 1024 mol g21 at 408C. All

of the Langmuir isotherm model parameters for the biosorption of BB9

onto E. rigida are tabulated in Table 3.

Figure 8. Langmuir plots for the biosorption of BB9 onto E. rigida at various

temperatures.
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The favorable nature of biosorption can be expressed in terms of dimen-

sionless separation factor of equilibrium parameter, which is defined by (35):

RL ¼
1

1 þ KLC0

ð6Þ

where KL is the Langmuir constant and Co is the initial concentration of the

adsorbate in solution.

The values of RL indicates the type of isotherm to be unfavorable

(RL . 1), linear (RL ¼ 1), favorable (0 , RL , 1) or irreversible (RL ¼ 0).

RL values for BB9 biosorption onto E. rigida are less than 1 and greater

than zero indicating favorable biosorption.

The biosorption capacity of E. rigida from Langmuir isotherm equation

for BB9 in this study is comparable and was found to be higher than that of

many corresponding biosorbents reported in the literature (Table 4)

(8, 22, 36–44).

The linearized form of the Freundlich isotherm equation (31) is:

ln qe ¼ lnKF þ
1

n
lnCe ð7Þ

where Ce is the equilibrium concentration of the solute (mg dm23) and qe is

the equilibrium biosorption capacity (mg g21). The Freundlich isotherm

constants KF and 1/n can be calculated from the plot of ln qe versus ln Ce.

Heat of biosorption was studied by Temkin and Pyzhev (32). The linear-

ized form of the Temkin isotherm equation is given as

qe ¼ B lnKT þ B lnCe ð8Þ

where R is the universal gas constant (J mol21 K21), T is the absolute temp-

erature (K), B ¼ RT/z, and B is related to biosorption heat and KT is the

Temkin constant (dm23 mg). If the biosorption obeys Temkin equation, the

variation of biosorption energy and the Temkin constant can be calculated

from the slope and the intercept of the plot of qe versus ln Ce..

The Dubinin–Radushkevich (D–R) isotherm equation (33) is more

general than the Langmuir isotherm because it does not assume a homo-

geneous surface or constant biosorption potential. It was applied to distinguish

between the physical and chemical biosorption of dye. The linear form of (D–

R) isotherm equation is

ln qe ¼ ln qm � b12 ð9Þ

where b is a constant related to the mean free energy of biosorption per mole

of the adsorbate (mol2 J22); qm is the theoretical saturation capacity, and 1 is

the Polanyi potential, which is equal to RT ln(1 þ (1/Ce)), where R (J mol21

K21) is the gas constant; and T (K) is the absolute temperature. Hence by

plotting ln qe against 12 it is possible to generate the value of qm (mol g21)

from the intercept, and the value of b from the slope.
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Table 3. Adsorption isotherm constants for the biosorption of BB9 onto E. rigida at various temperatures

Langmuir Freundlich Dubinin-Radushkevich (D-R) Temkin

t (8C) qm (mol g21)

KL

(dm3 mol21) rL
2 n KF (dm3 g21) rF

2 qm (mol g21) E (kJ mol21) r2 B KT (dm3 mg21) r2

20 2.92 � 1024 9.07 � 10þ3 0.997 3.14 15.12 0.970 7.16 � 1024 12.46 0.981 18.64 0.363 0.990

30 3.11 � 1024 9.68 � 10þ3 0.996 3.04 15.66 0.968 7.99 � 1024 12.33 0.979 20.29 0.361 0.980

40 3.28 � 1024 1.11 � 10þ4 0.997 3.02 16.91 0.953 8.77 � 1024 12.32 0.968 21.54 0.398 0.976
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The Freundlich, Temkin and D–R biosorption isotherms for BB9 onto

E. rigida at different temperatures are not presented as figures due to the

lower correlation coefficients than Langmuir isotherm model. The

Langmuir, Freundlich, Temkin, and D–R biosorption isotherm constants

and correlation coefficients were listed in Table 3. The correlation coeffi-

cients showed that the Langmuir model fitted better than the other

isotherm models. The magnitude of the exponent n gives an indication of

the favorability of biosorption. It is generally stated that values of n in

the range of 2–10 represent a favorable biosorption, 1–2 moderately

difficult, and less than 1 poor biosorption characteristics (45), this study

indicated that E. rigida is a favorable biosorbent for BB9 (Table 3)

(2 , n , 10). The Temkin isotherm constant in Table 3 shows that the

heat of biosorption (B) increases with increase in the temperature, indicat-

ing endothermic biosorption process.

The constant b gives an idea about the mean free energy E (kJ mol21) of

biosorption per molecule of the adsorbate when it is transferred to the surface

of the solid from infinity in the solution and can be calculated using the

relationship:

E ¼
1
ffiffiffiffiffiffi

2b
p ð10Þ

The magnitude of E is between 8 and 16 kJ mol21, the biosorption

process follows by chemical ion-exchange; while for the values of

E , 8 kJ mol21, the biosorption process is of a physical nature (46). The

numerical values of biosorption of the mean free energies is between 12.4

Table 4. The maximum biosorption capacity of BB9 of various

biosorbents

Biosorbent qm (mg g21)

Bagasse fly ash (8) 64.61

Natural chaff (22) 20.3

Spirodela polyrrhiza (36) 144.93

Eggshell (37) 0.80

Peanut hull (38) 68.03

Crushed brick (39) 96.61

Cedar sawdust (39) 142.36

Phosphoric acid-modified rice straw (40) 208.33

Neem (Azadirachta indica) leaf powder (41) 19.61

Sunflower stalks (42) 205.41

Wheat shells (43) 21.50

Banana peel (44) 20.8

Orange peel (44) 18.6

E. rigida (this study) 104.93
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and 13.1 kJ mol21 at various temperatures (20–408C), which may correspond

to a chemical ion-exchange mechanism.

Thermodynamic Parameters

Since KL is equilibrium constant, its dependence with temperature can be used

to estimate thermodynamic parameters, such as Gibb’s free energy (DG8),
enthalpy (DH8), and entropy (DS8) changes associated to the biosorption

process and they were determined by using following equations.

DGo ¼ �RT lnKL ð11Þ

lnKL ¼ �
DGo

RT
¼ �

DHo

RT
þ

DSo

R
ð12Þ

where R is universal gas constant (8.314 J mol21 K21) and T the absolute

temperature in K. The plot of ln KL as a function of 1/T (Fig. 9) yields a

straight line from which DH8 and DS8 were calculated from the slope and

intercept, respectively. The results are given in Table 5.

The negative values of Gibb’s free energy changes approve a spontaneous

in nature of biosorption. The value of enthalpy change was positive, indicating

the biosorption process is endothermic. The positive entropy change (DS8)

Figure 9. Plot of ln KL versus 1/T for assessment of thermodynamic parameters for

the biosorption of BB9 onto E. rigida.
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value corresponds to an increase in the degree of freedom of the biosorbed

species during the biosorption of BB9 onto E. rigida.

CONCLUSIONS

In this study, the biosorption experiments indicated that the wild plant

E. rigida can be used as a low-cost biosorbent source material for Basic

Blue 9 removing from aqueous solutions. The biosorption was found to be

dependent on the initial dye concentrations, biosorbent doses, pH, particle

size, and temperatures. Both the increase of temperature and decrease of

particle size brought about a higher dye loading per unit weight of the biosor-

bent. The optimum pH value for the biosorption was 6 and above.

The pseudo-second-order kinetic model agrees very well for the biosorp-

tion of Basic Blue 9 onto E. rigida at various temperatures. The experimental

equilibrium data were applied to the Langmuir, Freundlich, Temkin, and

Dubinin-Radushkevich (D-R) isotherm models for the biosorption of Basic

Blue 9 onto E. rigida under different temperatures. Langmuir isotherm

model gives better fitting than Freundlich, Temkin and D-R models.

The negative values of DG8 approve a favorable biosorption for BB9 onto

E. rigida and the positive value of DH8 indicates endothermic in nature of bio-

sorption. The positive value of DS8 showed the increase of randomness at the

solid/liquid interface during the biosorption of dye onto E. rigida.
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Ö. Gerçel208
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