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ABSTRACT

The removal of Methylene Blue dye from aqueous solution using a biowaste, dried Blue
*m  Green Algae was investigated in terms of variation of initial concentration of the dye solution,

adsorbent dosage and pH. The optimum pH lor the removal of dye by adsorption was found to be

. pH 7. The data obtained in this study fitted with Langmuir and Freundlich adsorption isotherms. The
experimental data confirms the monolayer adsorption capacity of the adsorbent.
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INTRODUCTION

mSeveral biological, physical and chemical
~“methods have been used for the treatment of
A"-industrial textile waste water containing dyes.
iISi'However, many of the methods are cost prohibitive.
S”Consequehtiy, adsorption technique seems to have
7S*the most potential for future use in industrial waste
f watef treatment (1) because of its proven efficiency
in the removal of dyes & metal pollutants and lor
i economic considerations. The most widely used
tadsprbent for this,purpose is commercial activated
carbon but iis overlying cost has led to search for
cheaper alternative material. Therefore, there is a
growing iriterest in finding low cost, easily available
material for the dye removal from industrial waste
~A2,3). Inthis study, a biowaste, the Blue Green Algae
my'-" has b~n used to remove Methylene Blue (MB)
from aqueous solution by adsorption technique.

MATERIALS AND METHODS

Adsorbent preparation

The collected biomass of algae was
washed with distilled water to remove the impurities.
Then, the biomass was dried lor 30 days to remove
the moisture. The dried algae were grinded, sieved
by using 250 - mesh wire sieve and used for
adsorption experiments.

Batch adsorption experiments

The stock solution of 1000mg/L of
Methylene Blue was prepared. The adsorption
experiments were performed at 32°C by varying
the initial concentration (60mg/L, 80mg/L, 100mg/
L and 120mg/L) of the dye, adsorbent dosage,
contact time and pH.
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RESULTS AND DISCUSSION

Effect of concentration variation

The effect of initial dye concentration on
the percentage removal of Methylene Blue dye for
various initial concentrations (60mg/L, 80mg/L,
I00mg/L and 120mg/L) of the dye solution were
studied at pH 7 and at 32"C. It was observed that
the percentage removal of dye decreases with the
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increase in the concentration of dye solution (Table:
1),This is because at lower concentration, the ratio
of dye to the available surface area is low.
Subsequently, the adsorption is high. However, at
high concentration the available sites of adsorption
becomes fewer and hence the percentage removal
of dye is less. Similar results are reported in
literature**.

Table 1: Adsorption Potential of Methylene Blue Dye with Variation of Initial
Concentration of Methylene Blue Solution;Conditions: Adsorbent Dosage
SOOmg, pH; 7.00 + 0.02,Temperature:32°C, Contact time;10 - 180 minutes

Time in minutes

Removal of Methylene Blue in percentage

60mg/L 80mg/L 100mg/L 120mg/L
10 83.76 78.29 75.7 51.6
20 88.03 79.08 7.7 56.1
30 88.89 84.49 82.4 57.3
40 89.75 ' 86.82 86.5 618 =
50 91.45 88.38 87.8 64.3
60 92.31 89.15 87.8 66.9
90 92.31 89.93 88.5 70.1
120 93.16 90.70 90.5 745
150 94.02 92.24 91.2 78.9
180 94.87 93.03 91.9 80.3

Effect of contact time

The effect of contact time on the adsorption
process was studied at pH 7 by varying the contact
time from 10 to 180 minutes at 32°C using 500mg
of the adsorbent and 100ml O the dye solution
containing 100mg of the Methylene Blue dye. The
percentage removal of the dye was found to
increase from 75.7 to 91.9% when the contact time
was varied from 10 to 180 minutes (Table 1). It was
observed that the percentage removal of the dye
increased with increase in contact time. The
increase in adsogjlion with increase in contact time
may be attributed to the increased intraparticle
diffusion occurring on longer shaking time (6, 7).

Effect of pH

The effect of initial pH of the dye solution
on the amount of Methylene Blue dye adsorbed
was studied by varying the initial pH of the dye
solution from 5 to 9. The percentage removal of

Methylene Blue dye increased from 86.5 to 91.89%
when the pH of the dye solution was varied from pH
5to 7. This may be due to the lowered electrostatic
repulsion between the positively charged MB dye
molecules and the surface of adsorbent,
consequently the removal efficiency is increased
with increase in pH. The optimum pH for the removal
of dye from aqueous solution by adsorption was
found to be in pH 7 (Table 2).

Effect of adsorbent dosage

The effect of adsorbent dosage on
Methylene Blue removal was tested by varying the
adsorbent dose of Blue Green Algae from 100 to
500mg. The initial concentration of the dye solution
used in this study was 100mg/L and the experiments
were carried out at pH 7 by varying the contact time
from 10 to 180 minutes at 32"C. From the
experimental data (Table 3), it is clear that the
percentage removal of dye increases from 45.27%
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Table 2;
Adsorption Potential of Methylene Blue Dye with pH Variation Conditions: Adsorbent Dosage:
SOOmg, Concentration of dye soiution: IOOmg/LTemperature: 32t) C
and Contact time: 10-180 minutes.

Time in minutes

pH 5 pH 6
10 66.22 73.33
20 68.92 79.33
30 69.59 80.67
40 73.65 84.00
50 75.00 84.67
60 75.68 85.33
90 81.76 85.33
120 85.14 86.67
150 85.81 87.33
180 86.5 88.00

Removal of Methylene Blue In percentage

pH 7 pH 8 pH 9
75.68 67.57 53.5
77.70 75.68 75.8
82.43 81.76 80.9
86.49 85.14 82.2
87.84 85.81 84.1
87.84 86.49 85.4
88.51 88.00 85.9
90.54 90.45 87.9
91.22 91.01 87.9
91.89 91.57 87.9

Table 3: Adsorption Potential of Methylene Blue Dye with Dosage Variation Conditions:
Concentration of dye solution: IOOmg/L, pH: 7.00 + 0.02, Temperature: 32°C and
Contact time: 10- 180 minutes

Time in minutes

100 mg 200 mg
10 31.08 37.8
20 33.11 53.4
30 33.11 67.57
40 35.14 79.8
50 41.22 85.81
60 43.24 85.81
90 43.92 89.19
120 4459 89.86
150 4527 90.54
180 4527 91.22

to 91.9 % with the increase of adsorbent dosage.
This may be due to the increase in effective surface
area and increasing availability of active adsorption
sites from the increase in adsorbent dosages'®.

Adsorption isotherms

The results obtained in this study by
varying concentration of the aqueous solution of
Methylene Blue dye using the Blue Green Algae
adsorbent were interpreted in terms of Langmuir
and Freundlich adsorption isotherm.

Removal of Methylene Blue in percentage

300 mg 400 mg SOOMy
66.22 73.33 75.7
68.92 75.80 777
69.59 80.89 82.4
73.65 82.17 86.5
75.00 84.08 87.8
75.68 85.35 87.8
81.76 85.99 885
85.14 87.89 905
85.81 87.89 91.2

=90.79 87.89 91.9

Langmuir adsorption isotherm

Langmuir adsorption isotherm is based on
the assumption that points of valency exist on the
surface of the adsorbent and that each of these
sites is capable of adsorbing only one molecule.
Thus the adsorbed layer will be one molecule
thickness. Further, it is assumed that all the
adsorption sites have equal affinities for the
adsorbate and the presence of adsorbed molecules
will not affect the adsorption of molecules at an
adjacent site.



The Langmuir adsorption isotherm is corresponding to the measure of maximum eherg

commonly given by of adsorption capacity.
xym = (k,CJ/1 + k,C, On rearranging, the above equatio
becomes.
where, x is the amount of Methylene Blue
dye adsorbed (mg/L), m is the weight of adsorbent m/x = 1/ (k/ k,") + 1/ k,C
(mg), C, is the concentration of MB dye solution at
equilibrium and k, is a Langmuir constant A linear plot of 1/C. versus m/x (fig: 1:

180 minutes contact time

Fig. 1; Langmuir adsorption isotherm

150 minutes contact time

Fig. 2: Langmuir adsorption isotherm
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shows lhe applicability of Langmuir adsorption
isotherm(lO) lor the present study indicating the
formation of monolayer coverage of adsorbate on
the surface of the blue green algae used in this
study.

Separation factor (R : The essential
characteristics of Langmuir isotherm can be
expressed in terms of a dimensionless constant,
separation factor or equilibrium parameter'R,~ which
is defined by R*= 1/ 1+ b C where C,is the initial
concentration of the MB dye and b is the Langmuir
constant (k,).

The value of R*and the feasibility (11,12)
of the adsorption process is as follows:

R value Type of isotherm
R,>1 Unfavourable
R=1 Linear

R <1 Favourable

In this study, R*values obtained are in the
range 0.0316 - 0.0161 (below 1) indicates lhe
feasibility of Ihe adsorption of Methylene Blue dye
from aqueous solution with the adsorbent Blue
Green Algae (Table; 4) and also suggest the
homogeneous distribution of active sites on the
dried Blue Green Algae surface.

Freundlich adsorption isotherm
Freundlich isotherm is given by lhe
equation:
log x/m= logK,-r 1/n log

Where K, and 1/n are Freundlich
constants, which are related to the adsorption
capacity and adsorption intensity respectively and
x/m is the amount of adsorbate in an aqueous
solution at equilibrium. The Freundlich adsorption
isotherm plots at 32°C are obtained by plotting log
x/m versus log Ce (Fig. 3,4) lor different
concentrations of Methylene Blue dye solution. The

Table 4. The values of parameters and correlation coefficient for each isotherm model

Concentration Langmuir Isotherm

of dye solution K, R R"
mg/L

60 0.0316

80 0.051 0.0239 0.938
too 0.0192

120 0.0161

Freundlich Isotherm
K, 1/n R"

1.122x10" 0.3698 0.8898

30 minutes contact time



40 minutes contact time

-3.85
-3.9
-3.95

15 -1

-4.05
4.1
-4.15
-4.2

Fig. 4 iFreundlich adsorption isotherm

plots obtained are linear showing the applicability
of Freundlich adsorption isotherm for the removal
of MB dye. The value 1/n ranges from 0 to 1 (0.3698)
confirms the favourable adsorption of MB onto BGA.
The correlation coefficient (R* = 0.8898) shows the
good mathematical fit of Freundlich adsorption
isotherm with the experimental data.

CONCLUSION

The results of this study Indicated that BGA
can be successfully used for the adsorption of

Methylene Blue from aqueous solutions. Langmuir
and Freundlich adsorption isotherm were well fitted
with the equilibrium data for adsorption of Methylene
Blue dye from aqueous solution. The maximum
removal of Methylene Blue dye was found to 91.89%
at pH 7 with 500mg of the adsorbent when the
concentration of the MB dye solution used was
100mg/L. Based onthe above investigations, proper
conclusions were drawn on the development of
treatment technology for the adsorption of dye by
using dried Blue Green Algae.
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