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ABSTRACT

The kinetics of adsorption of methylene blue from aqueous solution onto activated carbon
prepared from palm kernel shell has been investigated. The time dependent studies showed a
rapid adsorption in the first ten minute. A batch sorption model based on the assumption of the
pseudo first and second order mechanism, were applied to predict the rate constants. The
adsorption process follows the pseudo-second order kinetic, having a correlation coefficient in
the range between 0.98 and 1. The pseudo second order rate constant k, was found to generally
decrease from 1.79 to 4.5 x 10 as the initial concentration increased from 5 to 25 ppm but
increased from 4.9 x 102 to 2.3 x 10™ with increased temperature, suggesting that the adsorption
process is endothermic. Intra-particle diffusion was confirmed as one of the rate determining
steps; as such the adsorption mechanism is controlled by particle diffuson rather than film
diffusion.

INTRODUCTION

The removal of dye from wastewater, particularly dstivated carbon has been reported widely.
However, a survey of literature revealed that mletiny blue has been used particularly for
adsorption studies, not only because of its enwir@mtal concern but also for the fact that it has
been recognized as a model adsorbate for the rédrabuaeganics [1]. Methylene blue is used as
model adsorbate for adsorption of organic becadse kmown strong adsorption to activated
carbons. In spite of this, the specific mechanigmwvhich the adsorption of methylene blue takes
place on activated carbons is still ambiguous Khetics is concern fundamentally with the
details of the process whereby a system gets frornmidial state to final state and the time
required for the transition, hence it gives iddaba the mechanism of adsorption. According to
Demirbaset al., [3], the study of adsorption dynamics descrides $olute uptake rate and
evidently the rate control the resident time ofaatlate uptake at the solid-solution interface.
Kinetic of adsorption at solid-liquid interface mdye controlled by several independent
processes, which normally act in conjunction, amebive transport phenomena and chemical
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reactions such as bulk diffusion, external massstea (film diffusion), chemical reaction
(chemisorptions) and intra-particle diffusion [4,5feveral models have been used by a number
of authors to ascertain the kinetics and mechawfsadsorption onto activated carbon surface.
The availability of the kinetic model equations tbe study of adsorption process in activated
carbon permits a rational approach to study thehar@sm of the adsorption process. It has been
reported that over 25 kinetic models has beenerted in available literature, all attempting to
describe quantitatively the kinetic behavior durthg adsorption process [6]. Each adsorption
kinetic model has its own limitation and derived¢@uling to certain initial conditions based on
certain experimental and theoretical assumptiohsTi®o of the most used empirical equations
worth mentioning are the pseudo first and secondéroThe aim of this study is to establish the
mechanism of adsorption of methylene blue ontoptiepared activated carbon from the kinetic
study approach.

MATERIALSAND METHODS

Experimental

Laboratory grade methylene blue (MB) supplied byckevas use without further purification
for the preparation of synthetic aqueous solutidre stock solution was prepared by dissolving
0.5 g in 1000 crhof distilled water. Serial dilutions were madedbtain the required lower
concentrations in the range of 5 to 25 ppm. Thigaintoncentration was ascertained before each
experimental run. The concentration of MB in thel@aus solution was determinediat,y of
660 nm using UV-visible spectrophotometer (Heligs For eachexperiment, 25 crh of
methylene blue solution of known initial concentatand a 0.2 g of activated carbon were
taken in a 150 cthErlenmeyer flasks with air tight stopper. This tnbe was agitated in a
temperature controlled shaker water bath, at atanhshaking speed. The flasks were agitated
for a time interval of 10, 20, 30, 40, 50, 60 masitin order to study the kinetics of the
adsorption process. The initial concentration wased from 5 to 25 ppm while the pH for the
adsorbate adsorbent mixture before agitation wasteaed at 7.0. Equilibrium studies was also
carried out at temperature of 30, 40, 50, and@h order to study the influence of temperature
on the rate of adsorption.

The percentage of methylene blue adsorbed andrbarat adsorbed were calculated as [1]:
% adsorbed =100 (Co-Ce) /CO....ovvvvvvvveinnannnnn. 1

Where Co is the initial concentration of the adsteb(ppm) and Ce is the equilibrium
concentration (ppm).

Amount adsorbed, ge =V (Co-Ce)/ m................... 2

Where m (g) is the weight of activated carbon usedhe adsorption studies and V ®nis the
volume of the adsorbate.
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RESULTSAND DISCUSSION

3.1.1 Effect of contact time and initial concentration on adsorption of MB onto the
activated carbon

Figure 1 showed the percent methylene blue adsa@bdifferent initial concentration at varying
contact time. It is seen that the percent adsairl@dased with contact time.

120 -
100 A %‘7‘
T 80 -
2
3 60 - —o—5ppm
®
X 40 A —=—10ppm
20 A —— 15ppm
0 T T T 1 zoppm
0 20 40 60 80 —=—25ppm

contact time (mins)

Figure 1 Effect of contact time and initial conc on adsorption of MB
onto AC

The adsorption process is characterized by a raptdke of the adsorbate as shown by the
curves. The adsorption rate however increased melhgiafter the first ten minutes to a near
constant value with increased contact time. Thandr agrees with the report of other
investigators [7, 8, 9]. The percent adsorbed wasimum at 50 minutes at most initial
concentration, hence 50 minutes was the optimuntacotime for the adsorption of methylene
blue onto the prepared carbon. The optimum conagortr for the adsorption of MB onto the
prepared activated carbon was found to be 20 ppra.optimum concentration of dye refers to
the concentration at which the maximum removal gé dvas noticed [8]. The percentage
removal, however, decreased with increase in Initi@centration of the methylene blue dye.
This may be attributed to lack of available acttes required for the high initial concentration
of the dye [8]. The adsorption sites took up theailable solute more quickly at low
concentrations [10]. The percent adsorbed decremsed 94 to 80 percent after the first ten
minutes of contact of the MB with the adsorbenthasinitial concentration increased from 5 to
25 ppm. At the optimum contact time of 50 minutég, percent adsorbed decreased from 99 to
95 percent while the amount adsorbed increased tr@h to 5.95. It is generally observed that
the amount adsorbed increased with increase imacbtitne and initial concentrations. Similar
trend has been reported in literature [9, 11].

3.1.2 Effect of temperature on adsorption kinetics of MB onto the prepared activated

carbon:

The effect of temperature on the removal of methglblue by the prepared activated carbon is
presented in Figure 2.
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Figure 2. Effect of temperature on adsorption of MB onto activated

carbon

The result generally showed that the percent adsloirticreased with increase in temperature at
all initial concentrations as shown by the risingeves (Figure 2). This is characteristic of
endothermic process and indicate that adsorptioNBfonto the adsorbent was enhanced at
higher temperature. The percentage adsorbed irctdesm 99.28 to 99.74 as the temperature
increased from 303 to 333 K.

3.2  Kinetic studies:

321 Pseudo first order equation (L argergren model)

The Largergren model, proposed in 1898, assumestaofder adsorption kinetics and can be
represented by the equation [3, 12]:

dqt
E:kl(qe—qt) ....................... 3

Where:qe andg; are adsorption capacity at equilibrium and at tinrespectively (mg:), ki is
the rate constant of pseudo first order adsortian™).

After integration and applying boundary conditids® to t=t and gt=0 t@=0e, the integrated
form becomes:

kq
log(qe — Q) = log(qe) = 5ozt e 4

The values of logce —q;) were linearly correlated with The plot of log §e — ) versus t should
give a linear relationship from which kndge can be determined from the slop and intercept of
the plot, respectively [3]. The applicability ofettpseudo-first order equation to experimental
data generally, differs in two ways; the paramétdr, — q;) does not represent the number of
available sites and the parameter log (ge) is @mstable parameter and often found not equal to
the intercept of the plot logi{ — q:) versus t, whereas in true first order, log) &ould be equal

to the intercept [12].
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Figure 3 and 4 depict the pseudo-first order platsdifferent initial concentration and
temperatures respectively.
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Figure 3. Pseudo First order kinetic model plot at different initial
conc
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Figure 4. Pseudo First order kinetic model plot at different
temperatures

The pseudo first order rate constantrénged between 3.9 x 1@o 9.7 x 1 (Table 1). The
result showed clearly that;kis independent of initial concentration and expemtal
temperature. Similar result has been presentederature [1, 3]. However, the experimental
adsorption capacity was observed to increase wiitreased initial concentration and
temperature (Table 1).
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Table 1 The constant parametersfor the pseudo First-order Kinetic model

Temp (K) Initial Conc K (min™) (qe)g.xp (9€)al R° SSE (%)
(ppm) (10% (mgg’) (mgg")

5 6.00 1.24 0.057 0.71
10 9.70 2.49 0.94 0.89

303 15 6.90 3.74 1.37 0.96 5.94
20 9.20 4.98 3.89 0.92
25 3.90 6.22 1.86 0.95

313 20 8.10 4.98 1.88 0.89

323 20 7.80 4.99 1.24 0.96

333 20 8.80 5.00 1.18 0.98

The experimental amount adsorbed ranged from 1t.2diteal concentration of 5 ppm to 6.22

mg/g at initial concentration of 25 ppm. It variedly slightly from 4.98 at 303 K to 5.00 at 333
K (Table 1).

The pseudo second- order equation
The pseudo second-order adsorption kinetic ratatemuis expressed as [3]:

dq
d_tt:kz(qe_qt)Z ................ 5

Where: k is the rate constant of the pseudo second orderjaiion (g.mg.min™).

For the boundary conditiortsO to t=t and =0 to g=qe, the integrated form of the equation
becomes (the integrated rate law for the pseudanskarder reaction):

qe—q: e

Equation (6) can be rearranged to the linear faroedow (Equation 7):

[t]_ 1 +1(t) 7
qel  kaq.?  q

If the initial adsorption rate, h (mgtgnin™) is:

then equation (7) become:

[qt] —+—(t) eeeeen eer e 09

The plot of (t/qt) and t of equation (9) shouldei@ linear relationship from which gnd k can
be determined from the slope and intercept of the pespectively.
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The fit of the experimental data to pseudo secorakrokinetic model at different initial
concentration and temperature are shown in Figuaneds6 respectively. The constant parameters
are shown in Table 2.
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Figure 5 Pseudo Second order kinetic plot at different initial conc
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Figure 6. Pseudo Second order kinetic model plot at different
temperatures
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Table 2 The constant parametersfor the pseudo second-order kinetic mode

Temp (K) Initial | K> (9€)xp (q€)al h (mg/g R® | SSE
Conc (mgg™) (mgg™) mins) (%)
(ppm)
5 1.79 1.24 1.26 2.82 1
10 2.2x 10 2.49 2.56 1.45 0.99
303 15 8.8 x 10 3.74 3.92 1.35 0.99 | 0.045
20 4.9 x 10 4.98 5.32 1.39 0.99
25 4.5x 10 6.22 6.49 1.91 0.99
313 20 8.1x 10 4.98 5.18 2.17 0.89
323 20 1.2 x 19 4.99 5.13 3.15 0.96
333 20 2.3x 19 5.00 5.08 5.81 0.96

The value of the pseudo second order rate consiamis found to generally decrease from 1.79
to 45 x 1F as the initial concentration increased from 5 ® @m. Increasing MB
concentration in solution seems to reduce the slffu of MB in the boundary layer and to
enhance the diffusion in the solid. The value 9fda the other hand, increased from 4.9 X td
2.3 x 10" as the temperature increases, confirming thaadserption process is endothermic in
nature. The increase in value of With temperature is due to increased mobility leé MB
solute and an enhanced diffusion at higher tempexa® his agrees with the value of the initial
sorption rate indicated by the value of ‘h’. Thdueaof h increased from 1.39 to 5.81 as the
temperature increased from 303 to 333 K, as shawhable 2. It can also be seen from the
Table 2 that the equilibrium sorption capacity.gencreased from 1.24 to 6.22 and from 4.98 to
5.00 as the initial concentration and temperatuaeied from 5-25 ppm and 303 to 333
respectively.

Test of kinetic models:
The sum of error squares (SSE,%) is one methodhascbeen used in literature to test the
validity of each model that has been used. The&uenror squares is given as[1]:

SSE (%) = JZ [(ge)exp ;qe(cal)]z U [

Where N is the number of data points.

The values of SSE (%) for the pseudo first and gseecond kinetic models are given in Table
1 and 2 respectively. It can be seem that the SQE/élue is lower for the second order kinetic
model (0.045) than that for the pseudo order firsddel (5.94). This conform a better

applicability of the pseudo second order model.

The correlation coefficient for the pseudo firster ranged between 0.73 and 0.98 whereas the
value for the second order ranged between 0.98 aftle higher the correlation coefficient and
the lower the SSE (%) value, the better the goxrdsfit to the model. The correlation
coefficient indicates that the experimental datat lgted into the pseudo second order and
suggest that the process of adsorption follows gisesecond order kinetics.
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Tables 1 and 2 also showed the {gggnd the (ge) for the two models. It can be observed that
the (gedyp differs significantly from (ge), for the first order model, whereas the valuesnameh
more closer for the pseudo second order model. ddiaén, indicates that the experimental data
follows the pseudo second order model. Similar mepas been presented in literature for
adsorption of MB onto bamboo based activated cafbob3].

Theintra-particle diffusion model
The possibility of intra-particle diffusion of MBnto the prepared activated carbon was
investigated using the intra-particle diffusion rebf8].

Ot =Kot +Ciiiiiiii e 11

Where: gt is the amount of dye adsorbed (Mg time t; C is the boundary layer thickness and
Kp is the intra-particle diffusion rate constant (Mggin™?). The plots of the amount adsorbed,

qt versus ¥ at different initial concentration and temperasusre shown in Figure 7 and 8

respectively. The intra-particle diffusion constaat different initial concentration and different

temperatures are shown in Table 3.
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Figure 7. The intra particle diffusion plots for the adsorption of MB
by sample C1 at different initial concentrations

162
Scholar Research Library



Abechi E.Set al Arch. Appl. Sci. Res,, 2011, 3 (1):154-164

6 -

5 4 2
= 4 W #300C
£ 3 W40 oC
T 2 A 500C

1 - B 60 oC

0 . . . . :

0 2 4 6 8 10

t1/2

Figure 8. intra particle diffusion plots for the adsorption of MB at

different temperatures

Table 3 Theintra-particle diffusion constants at different initial concentration and different temperatures

Temp (K) Initial Conc | Kp ( mgg" C R
(ppm) | min™?)

5 0.012 1.16 0.69
10 0.056 2.08 0.94

303
15 0.13 2.08 0.96
20 0.21 3.45 0.96
25 0.24 4.34 0.95
313 20 0.13 3.98 0.92
323 20 0.10 4.23 0.92
333 20 0.004 4.53 0.92

The high correlation coefficient indicates the prese of intra-particle diffusion as the rate
determining step. The correlation coefficient rahfiem 0.69 to 0.96 as the initial concentration

varied from 5 to 25 ppm, but varied from 0.92 té@as the temperature of adsorption varied
from 303 to 333 K.

CONCLUSION

The adsorption of methylene blue onto palm kerhelldased-activated was investigated in this
research work. The adsorption process followedeaighs-second order kinetic model. The result
showed that intra-particle diffusion is one of tla¢e determining steps, as such the adsorption
mechanism is controlled by particle diffusion rattiean film diffusion. It is also observed that

the rate of adsorption increased with increasexpeemental temperature. This suggested that

more MB were adsorbed at higher temperature andiecthphat the adsorption process was
endothermic in nature.
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