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The present study deals with the feasibility of removal of basic dye Rhodamine-B (RB) from aqueous solutions by using a low cost natural
adsorbent lignin. Batch adsorption studies were conducted to evaluate various experimental parameters such as, contact time, initial
concentration of the adsorbate, adsorbent dosage, pH and temperature. Pseudo first order and pseudo second order were used to fit the
experimental data. Pseudo second order kinetics described of adsorption reasonably well. The experimental isotherms data were also
modelled by the Langmuir and Freundlich equation of adsorption. Equilibrium data fitted well with the Freundlich isotherm. Lignin was
shown to be a promising material for adsorption of RB from aqueous solutions.
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Introduction

Many industries such as textile, paper, rubber, plastics,
paints, printing, and leather discharge coloured effluents
which cause pollution in receiving water. Textile
industries cause serious problem because they are major
consumers of the dyes, most of which are toxic,
particularly azo dye. The coloured water depletes sunlight
penetration which reduces the photosynthetic activity in
aquatic plants impeding their growth. Rhodamine B (RB)
is used mostly in paper printing, textile dyeing, and
leather industries. It is carcinogenic, and causes irritation
of eyes, skin, respiratory tract and the gastrointestinal
tract.

The removal of Rhodamine B from colour effluents is
the one major environmental concern these days. Several
techniques have been wused such, Fenton-like,*"
photocatalytics'8 which is convenient techniques are
expensive.

Adsorption process has been found to be superior
technique for treating dye effluents due to simplicity and
insensitivity to toxic substance. Although the activated
carbon’? is most effective for adsorption of dye, but it
has some disadvantages such as (i) high adsorbent cost,
(ii) problems of regeneration and difficulties of separation
of powdered activated carbon from waste water for
regeneration are expensive and hence increasing need for
equally effective but commercially low cost sorbents. A
wide variety of materials such as animal bone,'" black tea
leawelsé,12 cocoa,” almond shell," mango leaves,'” saw
dust.
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The present study is concerned to evaluate the
efficiency of adsorbent (lignin) extracted from sugar cane
bagasse for removal of Rhodamine B.

Materials and methods

Dye solution

Rhodamine B is cationic basic dye with molecular
formula CygH3;CIN,Os. It was obtained from BDH was
used as received without further purification. A stock
solution of RB, 479.02 mg L™, was prepared in doubled-
distilled water. Solutions of desired concentration were
obtained by dilution with buffer solutions.

Adsorbent

Sugar cane bagasse was obtained from a sugar cane
mill, Egypt. It was wet then air dried. Lignin was
extracted from bagasse by soda process as previously
described."”

Experimental Methods

The reaction was followed spectrophotometrically at
Anax=554 nm  using thermostated 292  Cecil
spectrophotometer. pH of solution was conducted with a
Grifin pH meter fitted with glass calomel electrode.

The efficiency of the adsorbent was evaluated by
conducting laboratory batch mode studies. Specific
amount of adsorbent were shaken in 50 ml of aqueous
dye of different concentrations for different time periods
at pH 2-8.75 and temperature 28-50 °C. At the end of
predetermined time intervals, adsorbent was removed by
centrifugation for 5 minutes at 1800 rpm and supernant
concentration was determined spectrophotometrically.
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The surface textures of lignin before and after
adsorption were observed by Scanning electron
microscope (JEOL, JEM-1200X II).

Results and Discussion
Characterization of adsorbent

SEM micrograph of lignin (Figure 1) shows that the
adsorbent surface is irregular, rough and highly porous

indicating the possibility of its good adsorption properties.

Figure 1. SEM micrographs of lignin (a) before adsorption, (b)
after adsorption at pH = 3.6

Effect of contact time and Initial concentration of dye

To study the effect of dyes initial concentration and
contact time on adsorption uptake, RB solution with
initial concentrations 1.9-5.7 mg L™ was shaken with 0.3
g/50ml of lignin. In this case, the solution pH was 3.6 and
temperature was 35 °C. The experimental results of
sorption of RB on lignin at various initial concentrations
are shown in Figure 2. The adsorption at different dye
concentrations was rapid at the initial stages and then
gradually decreases with the progress of adsorption until
the equilibrium was reached. The rapid adsorption at the
initial contact time can be attributed to a large number of
surface sites are available for adsorption at the initial
stages and after a lapse of time, the remaining surface
sites are difficult to occupy because of re}s)ulsion between
RB molecules of solid and bulk phases.”” Also this may
be explained by rapid adsorption on outer surface
followed by slower adsorption inside the pores, the same
result obtained by Majid et al.'*

0.8
0.7
0.6
— 05
cn
on 0.4
E
= 03
= T o —04x105M
0.2 ——06x10-5M
—&—0.8x10-5M
0.1 —8— 102105 M
—e— 12x10-5M
O [ 1 1 1
0 50 100 150 200

time/min

Figure 2: Effect of contact time on adsorption of Rhodamine B
at different dye concentrations, adsorbent dose = 6 g L™, temp.
=35°C,pH=3.6.
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As shown in Figure 2, the contact time needed for RB
solution to reach equilibrium was 120 min. The results
indicated that there was no change in the sorption
capacity after 120 min, therefore 180 min was fixed as
contact time for isotherm studies. The adsorption capacity
increased from 0.3 to 0.8 mgg'as the dye concentration
increased from 1.9-5.7 mg L™, (Figure 2).

Effect of pH

pH is one of important factors in controlling the
adsorption of dye on adsorbent. The adsorption capacity
initially increased from 0.8 to 0.92 mgg™' (69.8 to 77.6%)
with increasing pH, with optimal uptake at pH = 3.6-4.4,
the RB uptake decreased from 0.92 to 0.125 mgg™ (77.6
to 10.4%) in the pH range of 4.4 to 8.75, this clear from
(Figure 3). This may be explained on the basis of fact that
at pH values lower than 4.5, the RB ions can enter into
the pore structure. At a pH value higher than 4.5, the
zwitterions of RB in water may increase the aggregation
of RB to form a bigger molecular form (dimer) and
become unable to enter into the pore structure of lignin
surface. The greater aggregation of the zwitterions is due
to the attractive electrostatic interaction between the
carboxyl and Xanthane groups of the monomer. This is
confirmed by darkness of the colour of lignin after
adsorption by increasing pH till 4.1, then the colour faint
by increasing pH, (Figure 3).

Similar trend was observed by other workers for RB
dye in the range of pH under investigation.'>'®
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Figure 3. Effect of pH on removal of Rhodamine B,[RB] =10
mol.L", temp. = 28 °C, adsorbent dose =4 g L™

Effect of adsorbent dose

The adsorption capacity decreases (from 1.48 to 0.42
mg g') with increase of adsorbent dose while adsorption
percentage removal increases with increase of adsorbent
dose (from 63 to 90 %) for an increase in adsorbent dose
0.1-0.5 g. The increase in the percentage colour removal
was due to the increase of the available sorption surface
site (Figure 4). A similar observation was previously
reported for the removal of dye RB from aqueous solution
by different adsorbents, " 11> 19:20
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Figure 4. Effect of adsorbent dose on adsorption of Rhodamine
B, [RB] =10"° mol. L, T=35 °C, pH = 3.6.

Adsorption isotherm

In order to describe the adsorbate-adsorbent interaction,
the isotherm data were analyzed by fitting them into
Langmuir and Freundlich equations to find out the
suitable model that may be used for design consideration.

Langmuir isotherm

The Langmuir adsorption mode®' is based on the
assumption that maximum adsorption corresponds to
saturated monolayer of solute molecules on the adsorbent
surface. The linear form of Langmuir equation is

el o
% Qmb) \Qm)

b is adsorption equilibrium that is related to energy
of adsorption and

where

Qu is the quantity of adsorbate required to form
single monolayer on unit mass of adsorbent (mg g™)
and

0. is the amount of adsorbed on unit mass of the
adsorbent (mg g') when the equilibrium
concentration is C, (mg L™).

The linear plot of C./q. against C. (Figure 5) shows the
adsorption obeys equation (1). The Langmuir constants
Qn and b were determined from the slope and intercept of
the plot, are 1.25 mg g and 48.78 L mg™ respectively.
R* value (0.927) suggests that the adsorption follows
Langmuir model. The higher value of (Q,>1) indicates
strong adsorbent- adsorbate interaction.

The essential characters of Langmuir isotherm can be
expressed in term of dimensionless constant separation
factor R; * given by

= 2
1+bC, @)

where

Eur. Chem. Bull. 2013, 2(7), 417-422

Section B-Research Paper

C, (mg L) is the highest initial concentration of dye
and

b (L mg") is Langmuir constant.

The value of Ry in the present investigation is found to be
0.0043 showing the adsorption is favour adsorption
(0< Ry <1) at the temperature studied.

Freundlich isotherm

The Freundlich isotherm considers multilayer
adsorption with heterogeneous energetic distribution of
active sites accompamed by interaction between adsorbed
molecules.”® The linear Freundlich isotherm is

lgge =1gKy +ngce 3)

where, K¢ is Freundlich constant, which indicates the
relative adsorption capacity of the adsorbent and n is a
measure of the adsorption intensity or surface
heterogeneity (a value closer to zero represents a more
heterogeneous surface). The linear plot of lgg, against
1gC,, (Figure 6) shows that the adsorption of RB on lignin
also follows Freundlich isotherm model. Freundlich
constant Ky and n were 5.5 and 1.76 respectively. The
value of n>1 indicates favourable adsorptlon Regression
correlation coefficient (R* = 0.978) is better than one
obtained from Langmuir isotherm (R*=0.927) indicates
that Freundlich isotherm model more fit.

Adsorption kinetics

Pseudo first order and second order models were
applied to test experimental data and explain the kinetic
adsorption process. Lagergren proposed a method for
adsorption analysis* in the form

k
lg(qe — ) = lg de —FI(B (4)

where,
k; (min™") is the rate constant,

0. (mg g™ is the amount of dye adsorbed on surface
at equilibrium,
0. (mg g™ is the amount of dye adsorbed on surface
at time t (min).

The adsorption rate constant, k; and q. were calculated
from the plot of log (. —0) vs. t, (Figure 7) and are listed
in Table 1.

The pseudo second order kinetic model is given by
equation 5.5

t 1 1
— = >+ —t %)
At sze Qe

where, k, (g mg' min") is pseudo second order rate
constant. The plot of t/g, vs t is shown in Figure 8. The
values of g, and k; are listed in Table 1.
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Table 1. Kinetic parameters for the adsorption of Rhodamine B on lignin
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Kinetic model | [RB]=0.4x10°M | [RB]=0.6x10°M | [RB]=0.8x10°M | [RB]=10°M

Lagergren pseudo first order

0. (mg g") experimental 0.296 0.418 0.550 0.681

q. calculated 0.076 0.127 0.165 0.335

k; (min™) 0.018 0.023 0.033 0.026

R’ 0.964 0.966 0.977 0.992
Pseudo second order

q. calculated 0.299 0.425 0.561 0.708

k, (g mg” min™") 0.77 0.51 0.53 0.18

R’ 0.999 0.999 0.999 0.998
Intraparticle diffusion

kig (mgg 'min™?) 0.007 0.011 0.015 0.026

C 0.21 0.28 0.39 0.37

R’ 0.896 0.874 0.821 0.936

Table 2. Thermodynamic parameters for the adsorption of Rhodamine B on lignin

Temperature/ K Ke Thermodynamic parameters
AG® (kJ mol™) AH® (kJ mol™) AS°(J mol* K?)
301 3.47 -3.12
308 5.88 -4.52 -29.5 -81.34
315 3.72 -3.44
323 3.39 -3.27

Lower correlation coefficient of pseudo first order
kinetics model and the calculated . values are found to
be lower than the experimental one comparing to pseudo

second order kinetics model indicating that the
applicability of pseudo second order kinetics model.
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Figure 5. Langmuir isotherm plot for adsorption of Rhodamine
B on lignin.

The kinetic results were further analyzed by the
intraparticle  diffusion to explain the diffusion
mechanism.*

5

0.

where C is the intercept and k4 is intraparticle diffusion
rate constant (mg g min?) are listed in Table 1 which
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can be evaluated from the slope of the linear plot of g; vs
t% (Figure 9). If the straight line passes through the origin,
then intraparticle diffusion is the sole rate-limiting step
which is not the case in (Figure 9). It may be concluded
that surface adsorption and intraparticle diffusion were
concurrently operating during RB interaction. Also
increasing the C, value indicating increasing the boundary
layer. The same results obtained by Prasad et al.?’
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Figure 6. Freundlich Isotherm plot for adsorption of Rhodamine
B on lignin.

The effect of temperature

The effect of temperature for RB adsorption on lignin
was shown in (Figure 10). The results show that there is
no consistent trend found for the relationship between
temperature and amount of adsorption. Figure 10 shows
that the adsorption of RB onto lignin increases with
increasing temperature below 308 K, which indicates that
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the adsorption is endothermic. Above 308 K, the decrease
of adsorption capacity with increasing the temperature
indicating that the adsorption of RB onto lignin is
controlled by exothermic process. A similar temperature
effect on the adsorption has been observed by Yati Yang
et al*’ for the adsorption of methylene blue on anionic
starch microsphere and Choiu et al*® for adsorption of
reactive dye on crosslinked chitosan beads.
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Figure 7. Lagergren pseudo first order plot for adsorption of
Rhodamine B on lignin
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Figure 8. Pseudo second order plot for adsorption of
Rhodamine B on lignin.

Thermodynamic Parameters

Thermodynamic parameters were evaluated to confirm
the nature of adsorption of RB onto lignin.
Thermodynamic parameters were calculated by the Van’t
Hoff equation.

0 0

AS AH

InKy=— 20 (7)
€7 R

RT

From the slope and intercept of Van’t Hoff plot, the value
of AH® and AS” was calculated. The Gibbs free energy
change AG’ was calculated using the following equation
are listed in Table 2.
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AGY = -RTInKq ®)

It is clear from Table 2 that K, decreases by increasing
temperature above 301K.
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Figure 9. Intraparticle diffusion plot for adsorption of
Rhodamin B on lignin.

This suggests that the adsorption process is exothermic.
The negative values of free energy change indicating that
the adsorption is spontaneous process. The negative value
of enthalpy change suggests that adsorption is exothermic.
Generally, the enthalpy change due to chemisorption
takes value between 40-120 kJ mol”, which is larger due
to physisorption.”” Consequently, the low value of the
enthalpy change indicates that the adsorption is likely due
to physisorption. The low value of entropy change
indicates the adsorption of RB onto lignin is favour
process. The R? value in the plot of InK, vs 1/T was very
low (R* = 0.068) for the experiments including low
temperature, 301 K, which altered the trend of the
temperature effect. Excluding this temperature, the plot,
was closer to straight line with R*= 0.853. The values of
AH? and AS® were, -29.51 kJ mol™ and -81.34 J mol™ K!
respectively, confirming that the adsorption is exothermic
process at temperature above 301 K. A similar
temperature effect on the adsorption has been observed
by Sudipta Chatterjee.*
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Figure 10. Effect of temperature on adsorption of Rhodamine B
on lignin
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Conclusion

Kinetics, equilibrium and thermodynamic of adsorption
of Rhodamine B onto lignin from aqueous solution are
investigated. The adsorption data is fitted Freundlich
adsorption model. The kinetic data is agreed with pseudo
second-order rate equation. High amount adsorbed at low
pH. The adsorption is exothermic process at temperature
above 28 °C.
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