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Abstract: The present study explains the removal of Methyl Blue (MB) dye from aqueous solution by the adsorbents
Commercial Activated Carbon (CAC) and Bentonite Clay (BC). The adsorption batch experiments were conducted to
study the effect of initial concentration, contact time, dose of adsorbent and pH. The optimum initial concentration for
adsorption of dye MB on CAC was 40 ppm and 200 ppm for MB on BC. The equilibrium data for the removal of MB by
CAC and BC were used in the Freundlich and Langmuir isotherm. The separation factor, R_ indicate the nature of
isotherm and the feasibility of adsorption process. The adsorption of MB on CAC and BC was found to be first order with
the intra-particle diffusion as one of the rate determining step. The basic pH was highly favourable for the removal of MB
by adsorbents CAC and BC. The result shows that the Bentonite Clay (BC) has more adsorption capacity than
Commercial Activated Carbon (CAC) in the removal of MB dye from waste water.
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I. INTRODUCTION

The production of dyes and pigments has been on
increase to meet the needs of textile, paper, plastics, paints,
leather and cosmetics industries [Khan et al., 2004]. These
industries consume more amount of water. The waste water
emerge out from these industries mainly contains dyes and
other chemicals. A very little amount of dyes in water are
visible and they affect the eco system of water [Mishra and
Tripathy 1993]. The dye should be removed from the waste
water before it is discharged into water bodies. Even though so
many methods are available, adsorption method [Kannan and
Meenakshisundaram 2002] is the best one to remove dye from
waste water. The Literature collections show that Activated

Carbon [Wang (2015), Kannan and Jeyaganesh (2001), Aysu
and kucuk (2015), Danish et al.,(2013), Mahmoudi et al.,
(2014), Manoj Kumar Reddy et al., (2015) and Clay materials
[Eren and Afsin (2009), Rytwo et al., (2002), Almedia et al.,
(2009), Yener et al., (2006), Nandi et al., (2009)] can be used
as an adsorbent in the removal of dye from waste water. In this
study, Commercial Activated Carbon (CAC) and Bentonite
Clay (BC) were used as adsorbents for the removal of Methyl
Blue (MB) dye from aqueous solution and their adsorption
capacities were determined.
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II. MATERIALS AND METHODS optimum initial concentration of dye (200 ppm for BC and 40
ppm for CAC), the values of percentage removal was 82% for
Dye MB used in the present study was AR grade sample BC and 65% for CAC.

(Merck, India). Commercial Activated Carbon (CAC) was
purchased from Thermo Fisher scientific and Bentonite Clay 100
(BC) from Thomas Baker. The other chemicals and reagents .
employed in the present work was Laboratory reagent -0
supplied by SD fine chemicals, Merck, India. The measuring 60
maximum absorbance of Methyl Blue (MB) dye was analysed 50
in UV-visible double beam spectrophotometer (model name: 40
V-630, JASCO, Japan). The Anax vValue for Methyl blue is 574

30

20

Percentage of removal

nm. The structure of Methyl blue is shown below (Figure 1). 1
The adsorption studies were carried out by varying the 0
experimental ~ parameters (Table 1) (Kannan and 0 S0 100 150 200 250 300 350 400
Meenakshisundaram 2002). o ,
- o — Na* Initial concentration (ppm)y
(&) 1
S o— % —o
Figure 2: Effect of Initial Concentration
ADSORPTION ISOTHERM
+NH N -
The equilibrium data for the removal of Methyl Blue
g O (MB) by Commercial Activated Carbon (CAC) and Bentonite
= Clay (BC) at 26°C were used in the Freundlich and Langmuir
isotherm.
Freundlich isotherm: log (x/m) = log K + (1/n) log C¢ -------- 1
Langmuir isotherm : (Ce /qe) = (1/Qob) + (Ce/Q,)  ----------- 2
K and (1/n) are the measure of adsorption capacity and
L. intensity of adsorption respectively, g, or (x/m) is the amount
‘|’| P of dye adsorbed per unit mass of adsorbent (in mg g-1) and b
Na' T g @ is the Langmuir constant related to energy of adsorption (in
Il mg g-1). The plot of log g, against log ¢, and (c./qe) against C,
I(:)igure 1: Structure of Methyl blue are shown in Figures 3 and 4. The values are correlated with
Initial ) Dose of one another (Table 2) (Kannan and Meenakshisundaram
Experime | concentation Con(tgci;;'me adsorbent pH 2002). The result indicates the applicability of these
ntal (ppm) QLY adsorption isotherms and mono layer coverage of dye

Parameter | ~ac | Bc | cac | Bc | cac | Bc | cac | BC molecules MB exist on the surface of CAC and BC. The
> separation factor or equilibrium factor Ry, is defined by the

Initial

concentrat 26% ggo 30 30 2 2 74 | 74 Equation
ion RL=[H(AHDC)] e 3
Contact 40 200 | 560 | 5-60 2 2 24 74 The sepa_ra_ti_on factor, R, ?ndicate the nature of isotherm
time and the feasibility of adsorption of MB on CAC and BC

Dose of 40 | 200 | 30 30 16- | 16- | 5, | 74 (Table 2). The adsorption capacity (Qqvalue) of Commercial

adsorbent 24 | 24 Activated Carbon (CAC) was 52.36 and adsorption capacity
pH 40 | 200 | 30 | 30 2 2 | 211 | 211 | (Quvalue) of Bentonite Clay (BC) was 625.
Table 1: Experimental Parameters for the Adsorption of MB The Q, values show that the Bentonite Clay (BC) has

on CAC and BC more adsorption capacity than Commercial Activated Carbon

(CAC) in the removal of MB dye from waste water.

1. RESULTS AND DISCUSSION
EFFECT OF INITIAL CONCENTRATION

The removal of dye Methyl Blue (MB) by Commercial
Activated Carbon (CAC) and Bentonite Clay (BC) was carried
out by varying initial concentration of the dye and other
parameters kept constant (Table 1). The percentage removal of
dye MB was found to increase with decrease of initial
concentration of dye (Figure 2). This was due to saturation of logC,
active sites by dye molecules at lower concentration. At an

log (x/m)

0 02 04 06 08 1 1.2 14 16 1.8 2

Figure 3: Freundlich isotherm
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Figure 4: Langmuir isotherm

Amount adsorbed per unit mass of adsorbent (g L™) at
equilibrium, q= Amount adsorbed per unit mass of adsorbent
at any given time (g L)

C.= Concentration at equilibrium time. The results
indicate the applicability of these kinetics equation and first
order nature of adsorption kinetics for MB on CAC and MB
on BC. The possibility of intra — particle diffusion process
was explored by applying the intra —particle diffusion model.

O = KPt2 +Cee e 7

Where, ¢, is the amount of dye adsorbed at time t, C is
the intercept and k, is the intra — particle diffusion rate
constant. The k, values were calculated by using correlation
analysis (Table 3).

ISOTHERM MB on MB on KINETIC PARAMETERS MB on MB on
MODELS PARAMETERS CAC BC EQUATIONS _ CAC BC
Slope 1/n 0..2266 0.6748 Natarajan and Correlation 0.9876 0.9744
FREUNDLICH Intercept 0.6131 0.4415 Khalaf equation coefficient (r)
ISOTHERM Correlation coefficient K (min-1) 0.0404 0.1076
0.9871 0.9960 Correlation
) Lagergren e 0.9511 09733
° fficient (r) ) )
Slope (1/Qo) 0.0191 0.0016 equation Coetticl
Intercept (1/Qy) 0.0903 0.1217 K (min-1) 0.1795 0.1566
Correlation coefficient Bhattacharya and Correlation
%@'ﬂég:& (n 0.9791 0.9483 Venkobachar coefficient (r) 0.9544 0.9734
Qo (mg o)) 52.36 625.0 equation K (min-1) 0.2619 0.1536
b (gL 0.2115 0.1314 ; Correlation
. re _ 9814
R 0.1057 0.0366 Intéeilﬁups?:;trl]cle coefficient (1) 0.9836 0.98
Table 2: Results of correlation analysis on testing the Intercept 0.5978 7.1052

applicability of adsorption isotherm for the removal of MB by
CAC and BC

EFFECT OF CONTACT TIME

The adsorption experiments were carried out at different
contact time (5 to 60 min) at constant optimum initial
concentration of dye (200 ppm for MB on BC and 40 ppm for
MB on CAC) with 2 g L-1 of CAC and BC. The values of
percentage removal and amount of dye adsorbed exponentially
increases with increase in contact time for MB on CAC and
MB on BC (Figure 5).

100
90

Percentage of removal

0 10 20 30 40 50 60 70

Time (min)

Figure 5: Effect of Contact time
The following kinetics equations were employed to study
the kinetics and dynamics of adsorption of dye MB on CAC
and MB on BC under the correlation of first order kinetics

(Table 3) (Kannan and Meenakshisundaram 2002).

Natarajan — Khalaf equation 1 K =(2.303/t) log (C,/Cy)
Lagergren equation :log (Qe-qr) = log qe - (k/2.303) ------ 5
Bhattacharya — VVenkobachar equation : log [1- U (] = - (k/2.303)

Where, U = [ (C, - C)/(C, - Ce)]

C, = Initial concentration of dye solution (in ppm), C=
Concentration of dye solution at various time (in ppm), K =
First order rate constant for adsorption of dyes (in min™), g.=

Table 3: Effect of contact time on the extent of removal of MB
on CAC and BC at 26x1 °C
The Intra - particle diffusion study shows that the
intercept (C) value for adsorbent BC was maximum (7.1052)
and minimum for CAC (0.5978). Therefore the boundary layer
effect is maximum in BC and minimum in CAC.

EFFECT OF DOSE OF ADSORBENT

The percentage of removal of dye Methyl Blue (MB) by
adsorption increases with increase in the dose of adsorbents
CAC and BC (Figure 6). This may be due to the increase in
the availability of the active sites on the surface of the
adsorbents CAC and BC. The percentage removal of MB at
the optimum dose of BC was found to be 76%. The percentage
removal of MB at the optimum dose of CAC was found
to be 50%.

100 5

80 4

60 o

Percentage removal

40 4

20
60 30 100 120 140

Dose of adsorbent (g L)

Figure 6: Effect of dose of adsorbent
EFFECT OF pH
The effects of initial pH on adsorption process for dye

Methyl Blue (MB) on adsorbents Commercial Activated
Carbon (CAC) and Bentonite Clay (BC) were studied at
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different pH values range from 2-11(Table 2). The basic pH is
highly favourable for the removal of MB by adsorbents CAC
and BC (Figure 7). The maximum percentage removal of MB
by CAC was found to be 88 % at pH 11. The maximum
percentage removal of MB by BC was found to be 96% at pH
11.

100
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Percentage of removal

20
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Figure 7: Effect of pH

IV. CONCLUSION

The equilibrium data for the removal of MB by CAC and
BC were fitted in the Freundlich and Langmuir isotherm. The
adsorption was found to be first order with the intra-particle
diffusion as one of the rate determining step. The basic pH
was highly favourable for the removal of MB by adsorbents
CAC and BC. The percentage of removal of dye MB increases
with the increase in dose of adsorbents CAC and BC. The
adsorption capacity (Qqvalue) of Commercial Activated
Carbon (CAC) was 52.36 and adsorption capacity (Qqvalue) of
Bentonite Clay (BC) was 625. It is inferred that the Bentonite
Clay (BC) has more adsorption capacity than Commercial
Activated Carbon (CAC) in the removal of MB dye from
waste water.
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