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The adsorption of reactive dyes onto acid-treated palm shell powder (APSP) and chitosan has been
investigated. The parameters affecting the rate process involved in the removal of dye like contact time,
temperature, pH, adsorbent dose, and dye concentration were studied. pH 4 was suitable for the adsorption
of both reactive dyes onto chitosan and was independent of pH in the range pH 2 to 9 using APSP as the
adsorbent. The process of dye removal followed pseudosecond-order kinetics. The adsorption equilibria
isotherms were analyzed by the Langmuir and Freundlich isotherms. The adsorption capacities were found
to be 13.95 mg ·g-1 and 24.86 mg ·g-1 for reactive red 141 and reactive blue 21 using APSP as adsorbent.
The adsorption capacities were found to be 22.48 mg ·g-1 and 70.08 mg ·g-1 for reactive red and reactive
blue, respectively, using chitosan as the adsorbent.

Introduction

Dyes have been widely used including in the textile, paper
printing, leather, color photography, and consumable industries.
Reactive dyes are widely used because of their bright colors.
Reactive dyes in wastewaters have limited biodegradability in
an aerobic environment, and many azo dyes under anaerobic
conditions decompose into potential carcinogenic aromatic
amines. Most reactive dyes are stable to light and to biological
degradation.1

The conventional methods for the treatment of dye-
containing wastewaters are coagulation and flocculation,2

reverse osmosis,3 and activated carbon adsorption.4 These
technologies do not show significant effectiveness or eco-
nomic advantage. Despite the prolific use of activated carbon
for wastewater treatment, carbon adsorption is considered
as an expensive process, and this fact has prompted growing
interest into the production of low cost alternatives to
activated carbons in recent years.

A number of nonconventional, low-cost adsorbents have been
used for the removal of dyes.5–20 However, an effort is being
made to prepare better low-cost adsorbents as alternatives to
activated carbon.

Palm fruit is available throughout coastal India. The shell of
the palm fruit is thrown away when the fruit is eaten. Chitosan
is a polysaccharide and has reactive properties, which can
produce a number of derivatives having a wide range of
uses.21–26 Chitosan carries a large number of amine groups on
its chain and thus forms multiple complexes. At an acidic pH,
it forms complexes with polyanions and complexes with
colorants and heavy metals.27

An effort has been made to explore the use of palm shells
after powdering and carbonizing with sulfuric acid as a low-
cost adsorbent. The present study involves the use of chitosan
and acid-activated palm shell powder for the removal of acidic

reactive dyes reactive blue 21 (RB-21) and reactive red 141
(RB-141). The equilibrium isotherm and kinetic characteristics
of reactive dye adsorption on the above-mentioned adsorbents
were investigated using bench scale batch tests. A comparison
of the adsorption capacities with other adsorbents reported in
the literature is given in Table 1.

Materials and Methods

Preparation of Adsorbent. Palm shells obtained from the
coastal areas of Andhra Pradesh were washed, sun-dried for
24 h, and ground using a jaw crusher. They were then dried
at 110 °C, and the cleaned powder was mixed with
concentrated H2SO4 (sp. gr. 1.84) in a 1:1.5 weight ratio and
allowed to stand in an oven maintained at (140 to 160) °C
for 24 h. The resulting char was thoroughly washed with
water followed by a 2 % solution of NaHCO3 until ef-
fervescence ceased and then was left to soak in a 2 % solution
of NaHCO3 overnight. The acid-treated palm shell powder
(APSP) was then separated, washed with water until it was
free of bicarbonate, and dried at 105 °C. Chitosan flakes (87.6
% deacetylated and molecular weight 5.5 · 105 g/mol) were
from Sigma. The Chitosan flakes were used for further
experimental studies as an adsorbent.

Preparation of Dye Solutions. Stock solutions of dyes (1
g ·L-1) were prepared by dissolving accurately weighed amounts
of RB-21 and RR-141 in double-distilled water with subsequent
dilution to the required concentration. The structure of the dyes
used in this study are given in Table 2.

Sorption Procedure. A 10 mg ·L-1 solution of RR-141 and
RB-21 was prepared and scanned in the range of (400 to 800)
nm using a SYSTRONICS Digital 166 model visible spectro-
photometer. The wavelength that provided maximum absorbance
was determined, and a calibration was prepared to determine
the concentration of each dye after adsorption of the dye on
APSP in further experiments. The dye concentration in the
filtrate was determined by measuring the absorbance at the
wavelength of maximum absorption at (648 and 540) nm for
RB-21 and RR-141. respectively. The percentage removal of
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the dye and the amount adsorbed (mg ·g-1) were calculated by
the following relationship:

where Ci is the initial concentration of the dye in mg ·L-1; Ce

is the equilibrium concentration of dye in mg ·L-1; m is the
mass of adsorbent in g ·L-1; qe is the amount of dye adsorbed
per gram of adsorbent. The experiments done without adsorbent
were treated as blanks, and they showed no precipitation of dye
occurred under the conditions selected.

Adsorption Isotherms. The results of the adsorption experi-
ments were analyzed using the Freundlich and Langmuir isotherm
models to determine the mechanistic parameters associated with
the adsorption. The linearized Freundlich isotherm is:

where qe ) amount of solute adsorbed per unit weight of adsorbent
(mg ·g-1), Ce ) concentration of solute remaining in solution at
equilibrium (mg ·L-1), and KF and n are the Freundlich constants.

The Langmuir isotherm model used is given as:

where qm ) amount of solute adsorbed per unit weight of
adsorbent in forming a complete monolayer on the surface
(mg ·L-1) and Ka ) a constant related to the energy or net
enthalpy.

Adsorption Dynamics. The kinetics of sorption of anionic
dyes was investigated using the pseudofirst-order, pseudosecond-
order, and intraparticle diffusion reaction models. The pseud-
ofirst order is given by:

where qe and qt are the adsorption capacity at equilibrium and
at time t, respectively (mg ·g-1); K1 is the rate constant of
pseudofirst-order adsorption (L ·min-1). K1 and qe can be
determined from the slope and intercept of the plot, respectively.

The pseudosecond-order reaction kinetic model is expressed
as:

where K2 is the rate constant of pseudosecond-order adsorption
(g ·mg-1 ·min-1), which is the integrated rate law for a pseu-
dosecond-order reaction.28

The equation for the Weber Morris intraparticle diffusion
model is

where ki is the intraparticle diffusion rate constant (mg ·g-1 ·
min-1).

Fourier Transform Infrared Spectroscopy (FTIR). FTIR was
used to determine the vibrational frequencies of the functional
groups in the adsorbents. The spectra were collected by a Perkin-
Elmer RX1 model within the wavenumber range of (400 to
4000) cm-1. Specimens of samples were first mixed with KBr
and then ground in an agate mortar at an appropriate ratio of
1/100 for the preparation of the pellets. The resulting mixture
was pressed at 10 tons for 5 min. Sixteen scans and an 8 cm-1

resolution were applied in recording the spectra. The background
obtained from the scan of pure KBr was automatically subtracted
from the sample spectra.

Scanning Electron Microscopy (SEM). A topography analy-
sis of certain features was visualized by using a SEM micro-
scope (JEOL, model JSM-5610LV). Samples were mounted
onto metal holders using a conducting substrate. The SEM
analysis enables the direct observation of the changes in the
surface microstructures of the adsorbents that are due to the
chemical surface modifications and the elemental composition.

Table 1. Comparison of Adsorption Capacities of Agro-Based Adsorbents

adsorbent dye adsorption capacity reference

activated carbon from coir pith Congo red 6.7 mg ·g-1 30
carbon slurry waste Congo red 272 mg ·g-1 35
sun flower stalk Congo red 26.8 mg ·g-1 17
waste metal hydroxide sludge reactive red 2,

reactive red 120,
and reactive red 141

(48 to 62) mg ·g-1 36

preprotonated chitosan reactive black 5 (750 to 1000) mg ·g-1 37
commercial activated carbon reactive orange 714 mg ·g-1 38
ethylenediamine modified rice hull reactive orange 16 24.88 mg ·g-1 39
surfactant-modified activated carbon reactive black 5 0.11 mmol ·g-1 40
APSP, chitosan reactive red (13.94 and 22.48) mg ·g-1 present study
APSP, chitosan reactive blue (22.48 and 70.02) mg ·g-1 present study

Table 2. Structure of Dyes

qe ) (Ci - Ce)/m

log qe ) log KF + 1/n log Ce (1)

qe ) (qmKaCe)/(1 + KaCe) (2)

log(qe - qt) ) log qe - K1t/2.303 (3)

t/qt ) 1/(K2qe
2) + t/qe (4)

qt ) Kit
0.5 (5)
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Results and Discussion

Effect of Adsorbent Dose. The effect of the amount of APSP
and chitosan on the uptake of RR-141 and RB-21 was studied,
and the results have been presented in Figure 1. The experiments
were conducted by taking different adsorbent doses from (0.01
to 0.2) g in 25 mL of dye solution. Other parameters like pH,
contact time, and temperature were kept constant. The removal
increased from 74 % to 100 % and 30 % to 96 % for RB-21
and for RR-141, respectively, with an increased adsorbent dose
from (0.01 to 0.08) g in the case of APSP and from 27 % to 92

% and 4 % to 94 % for RB-21 and RR-141, respectively, with
an increased adsorbent dose from (0.02 to 0.18) g in the case
of chitosan as the adsorbent. This can be attributed to the larger
availability of active sites for the same number of adsorbate
molecules. The dyes are seen to require a greater dose of
chitosan as compared to palm shell powder which could be
attributed to a lesser number of active sites as compared to
APSP.

Effect of Contact Time. To evaluate the effect of contact
time between dyes and sorbent (APSP and chitosan), the

Figure 2. Effect of pH and time on the amount of dye adsorbed on APSP and chitosan.

Figure 1. Effect of adsorbent dose and concentration on the amount of dye adsorbed on APSP and chitosan.
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agitation time was varied between (60 and 240) min for chitosan
and (10 and 120) min for APSP. The results are shown in Figure
2. It is seen that sorption is fast and equilibrium is achieved
within 60 min for APSP and ∼120 min for chitosan. Chitosan
requires a greater contact time to achieve equilibrium.

The sorption of dyes was rapid during the initial stages of
the sorption process, followed by a gradual process. The dye
molecules have to first encounter the boundary layer effect and
then adsorb from the surface, and finally they have to diffuse
into the porous structure of the adsorbent which takes a longer
time.29

Effect of ReactiWe Dye Concentration. The effect of reactive
dye concentration on their uptake by APSP and chitosan were
studied at constant temperature for each of the dyes. The results
in Figure 1 indicate that the increase in reactive dye concentra-
tion increases the uptake of both dyes in the case of both APSP
and chitosan.

Effect of pH. The effect of initial pH on the sorption process
was investigated. The effect of pH on the adsorption of RB-21
and RR-141 by chitosan and APSP was studied by varying the
solution pH over a range of 1 to 11 using 0.1 N NaOH/HCl.
The results in Figure 2 indicate that when APSP was used as
adsorbent the removal was at a maximum at the initial pH of 3
and 4 for RB-21 and RR-141, respectively, and remained
constant with (97 to 100) % removal up to pH 9.0. This suggests
that two possible mechanisms of the adsorption of reactive dyes
on APSP may be operating. At acidic pH an electrostatic
attraction exists between the protonated suface of APSP and
the negatively charged acidic dyes. The removal of anionic dyes
at alkaline pH where the adsorbent is negatively charged cannot
be explained based on electrostatic attraction. There might be
another mechanism of adsorption like ion exchange or chemi-
sorption which might be operative. A similar trend was observed
for the adsorption of Congo red on activated carbon prepared

Figure 3. Effect of temperature on the amount of dye adsorbed on APSP and chitosan.

Figure 4. Isotherm for RR-141 and RB-21.
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Table 3. Isotherm Parameters

isotherms parameters

APSP chitosan

RR-141 RB-21 RR-141 RB-21

Freundlich 30 °C
Kf/(mg · g-1) · (dm3/mg)1/n 24.8307 25.3472 24.2141 24.732
N -18.14 -11.99 -0.483 -9.5474
R2 0.949 0.938 0.963 0.912

40 °C
Kf/(mg · g-1) · (dm3/mg)1/n 25.547 25.260 28.1916 24.732
N -11.32 -14.934 -11.341. -20.012
R2 0.931 0.9406 0.897 0.925

50 °C
Kf/(mg · g-1) · (dm3/mg)1/n 28.6767 25.5517 24.991 22.991
N -6.29842 -20.3046 1 8.417
R2 0.966309 0.958 1 0.938

Langmuir 30 °C
qe (exp) 19.2940 23.574 18.6035 19.082
qm/mg · g-1 7.713 19.040 5.0499 16.548
Ka/L ·mg-1 -0.392 11.99 -0.0738 -0.611
R2 0.95 0.976 0.916 0.967

40 °C
qe (exp) 22.809 25.360 13.9428 17.896
qm/mg · g-1 18.62 13.167 19.157 22.391
Ka/L ·mg-1 -2.021 16.432 -4.788 -8.474
R2 0.937 0.997 0.912 0.997

50 °C
qm/mg · g-1 13.954 24.866 22.480 70.028
Ka/L ·mg-1 -0.73354 34.079 4.455 0.384
R2 0.974 0.9998 0.921 0.977

Figure 5. Kinetic models for RR-141 and RB-21.
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from coir pith,30 adsorption of Congo red,10 acid brilliant blue,13

and acid violet14 on a biogas residual slurry and adsorption of
Congo red on waste orange peel20 and banana pith.16

Figure 2 represents the RB-21 and RR-141 removal efficiency
at equilibrium for varying pH in the range of 1 to 10 using
chitosan as an adsorbent. The optimum pH is 4 for both RB-21
and RR-141 using chitosan. When the pH is lower than the pKa

of chitosan, the nitrogen-containing functional groups of chitosan
are protonated, and the positive charge would be expected to
attract anions. At neutral pH the electrostatic balance between
anionic and cationic groups on chitosan would make it less
favorable for dye binding.

Effect of Temperature. The removal of RR-141 and RB-21
was investigated as a function of temperature, and results are
given in Figure 3. The removal increased from 77 % to 100 %
and 93 % to 100 %, respectively, using APSP as adsorbent by
increasing the temperature from (30 to 70) °C, and 37 % to
100 %, and 66 % to 97 %, respectively, using chitosan as
adsorbent. The extent of adsorption of both dyes using both of

the adsorbents was found to increase with temperature, indicat-
ing the endothermic nature of the process. The increase in dye
adsorption with increasing temperature might be due to an
increase in the number of active surfaces available for adsorption
with an increase in temperature and due to an enhanced rate of
intraparticle diffusion of the adsorbate, as diffusion is an
endothermic process.31

Adsorption Isotherms. The adsorption isotherms were ob-
tained for RB-21 and RR-141 onto chitosan and APSP adsorbent
systems (see Figure 4). The Langmuir and Freundlich isotherm
constants at different temperatures for the adsorption of RR-
141 and RB-21 onto chitosan and APSP are reported in Table
3. Equilibirium sorption data of RR-141 and RB-21 onto APSP
and chitosan fitted both the Langmuir and Freundlich equations.
Similar observations were made by Sarkar et al.32–34 Comparing
the parameters Kf and qm indicates that increasing temperature
increased the adsorption capacities of the reactive dyes. With
increasing temperature from (30 to 50) °C, the values of qm

increased for RR-141 (5.0499 and 22.480, 7.713 and 13.592)

Table 4. Kinetic Parameters

kinetics parameters

APSP chitosan

RR-141 RB-21 RR-141 RB-21

pseudo 1st order (PFO) 50 mg ·L-1

qe/mg · g-1 12.442 2.5027 17.416 28.707
K/min-1 0.0213 0.0434 9.8798 0.0330
R2 0.983 0.990 0.990 0.813

100 mg ·L-1

qe/mg · g-1 0.3763 0.1260 1.2159 13.77
K/min-1 0.0234 0.023 0.0149 0.0430
R2 0.944 0.9156 0.9473 0.9536

150 mg ·L-1

qe/mg · g-1 0.2160 0.1060 3.2897 1.04433
K/min-1 0.0234 0.018 0.00140 0.0289
R2 0.9621 0.9593 0.949 0.986

200 mg ·L-1

qe/mg · g-1 0.5275 0.4917 1.5023 1.064
K/min-1 0.0358 0.0131 0.0309 0.0146
R2 0.9307 0.92263 0.9473 0.978

pseudo 2nd order (PSO) 50 mg ·L-1

qe/mg · g-1 26.917 25.680 27.956 27.948
K/g ·mg-1 ·min-1 0.0371 0.0565 2.750308 × 10-4 1.3352642 × 10-3
R2 0.9964 1 0.980 0.990

100 mg ·L-1

qe/mg · g-1 23.172 23.980 17.96 15.51
K/g ·mg-1 ·min-1 0.1568 0.4150 0.0442 0.0381
R2 0.986 0.987 0.998 0.999

150 mg ·L-1

qe/mg · g-1 23.479 24.709 17.62 15.16
K/g ·mg-1 ·min-1 0.202 0.5746 0.0483 0.06623
R2 0.985 0.976 0.999 0.976

200 mg ·L-1

qe/mg · g-1 23.870 24.838 17.23 14.75
K/g ·mg-1 ·min-1 0.15681 0.2838 0.0456 0.0217
R2 0.984 0.985 0.999 0.985

intraparticle diffusion (IP) 50 mg ·L-1

Ki/mg · g-1 ·min0.5 1.35402 0.959 1.1926 0.0395
R2 0.1899 0.925 0.999 0.9576

100 mg ·L-1

Ki/mg · g-1 ·min0.5 0.01504 0.0023 0.05144 0.0695
R2 0.952 0.959 0.967 0.954

150 mg ·L-1

Ki/mg · g-1 ·min0.5 0.01805 0.0059 0.0567 0.0448
R2 0.9788 0.978 0.926 0.9617

200 mg ·L-1

Ki/mg · g-1 ·min0.5 0.00786 0.0080 0.056 0.098
R2 0.9170 0.917 0.960 0.976
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mg ·g-1 and RB-21 (16.548 and 70.028, 19.040 and 24.866)
mg ·g-1 onto chitosan and APSP, respectively, indicating the
endothermic nature of adsorption.

Table 1 compares the adsorption capacity of different types
of adsorbents used for reactive dye adsorption. It is seen that
the adsorbents used have comparable adsorption capacity to
many of those reported in the literature.

Kinetics. To investigate the adsorption process of the dyes
on APSP and chitosan, the pseudofirst-order, pseudosecond-
order, and intraparticle diffusion models were used (eqs 3, 4,
and 5; see Figure 5). Kinetic parameters are shown in Table 4.
The rate of RR-141 and RB-21 adsorption by chitosan and APSP
has been investigated under optimum pH and temperature using
four different concentrations. The coefficients of determination
were found to be higher for the second order (> 0.95) than the
first order (> 0.81) for both RR-141 and RB-21 onto chitosan
and APSP. The calculated qe values increased with an increase
in the initial dye concentration. The rate constants of both dyes
varied over a wide range, suggesting that limiting steps may be
chemisorption involving valency forces through the sharing and
exchange of electrons between the sorbent and the substrate.41

The experimental data were also evaluated by the intraparticle
diffusion kinetic model to investigate whether or not intraparticle
diffusion is rate-limiting. According to the Weber-Morris
model, a plot of uptake qt versus the square root of time t1/2

(figure not shown) should be linear if intraparticle diffusion is
involved in the adsorption system, and if these lines pass through
the origin, then the intraparticle diffusion is the rate-limiting
step. The coefficients of determination R2 for the intraparticle
diffusion are not lower than that of the pseudosecond-order
model (Table 4), and the plots do not pass through the origin,
indicating some degree of boundary layer control and also that
intraparticle diffusion is not the only rate-limiting step, but also
other kinetic processes may control the rate of adsorption, all
of which may be operating simultaneously.42

FTIR. The IR spectra of PSP (palm shell powder), APSP,
and chitosan are shown in Figure S1 of the Supporting
Information. The strong broad band in the region of (3300 to
3500) cm-1 is characteristic of the N-H stretching vibration
although there is the possibility of overlapping between the
NsH and the OsH stretching vibrations in chitosan. The
absorption bands at (1630, 1590, 1381, 1080, and 1030) cm-1

are ascribed to the CdO of amide I, NH, amide III, C3sOH,
and C6sOH of chitosan, respectively. APSP showed a broad
frequency at ∼3419.42 cm-1, which can be assigned to NsH/
sOH stretching. The peak at ∼1625.29 cm-1 is characteristic
of the NsH bond of amine or of the elongation of the aromatic
sCdCs bonds. The peak at 1378.58 cm-1 corresponds to CsN
stretching, while the peak at 1200 cm-1 is associated with the
CsO stretching of the aromatic ring. PSP has peaks at (∼1739
and ∼1735) cm-1 which shows the presence of carboxylic acid
groups which is not seen in APSP. The characteristic peak of
carbohydrates at ∼1379 cm-1 is seen in both PSP and APSP
inferring the presence of lignin.

SEM. The morphology of PSP, APSP, and chitosan were
studied using a scanning electron microscope (SEM) (Figure
S2 of the Supporting Information). The surface of APSP was
found to be irregularly rough and porous with identifiable
micropores and mesopores in comparison to PSP. The SEM
micrograph of chitosan shows that it is has a larger number of
pores connected by channels compared to APSP.

Brunauer-Emmett-Teller (BET) Analysis. The BET sur-
face area of PSP, APSP, and chitosan was measured by nitrogen
adsorption isotherms using a BET surface area analyzer (Mi-

crometrics ASAP 2020 V3.03H). The BET surface area was
found to be (0.6735, 0.2979, and 1.11) m2 ·g-1 for PSP, APSP,
and chitosan, respectively.

Conclusion

APSP and chitosan were used as low-cost adsorbents for the
removal of reactive red and reactive blue from aqueous solution.
Equilibrium adsorption is achieved in about 60 min for APSP
and 120 min for chitosan. The adsorption of the two dyes
increase with an increase in temperature using both chitosan
and APSP, suggesting that the process is endothermic. The
results indicate that the data fit both the Freundlich model and
Langmuir model for RR-141 and RB-21 onto APSP as well as
chitosan. Kinetic data tended to fit the second-order kinetic
model well. The reactive dyes are bound to chitosan through
electrostatic attraction, between the anionic groups of the dyes
and the protonated amine groups of the chitosan below the pKa

value of chitosan. Chitosan was found to have a higher
adsorption capacity as compared to APSP. The study can be
useful in the design of treatment plants for dye containing
effluents.
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