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Abstract

Batch adsorption experiments were carried out for the removal of procion orange from its aqueous solution using coir pith carbon. This study
examines adsorption kinetic parameters on coir pith carbon. The effect of process parameters like contact time, concentration of dye, temper-
ature and pH on the extent of procion orange adsorption from solution has been investigated. In order to develop an effective and accurate design
model for removal of dye, adsorption kinetics and equilibrium data are essential basic requirements. Kinetic study showed that the adsorption of
dye on coir pith carbon was a gradual process. Lagergren first-order, second-order, Bangham’s and intra-particle diffusion model were used to fit
the experimental data. Results of the kinetic studies show that the adsorption reaction is second-order kinetic model with respect to dye solution
concentration. Equilibrium isotherms were analyzed by Langmuir, Freundlich, DubnineRadushkevich, and Tempkin isotherms. The adsorption
equilibrium data obeyed Langmuir, DubnineRadushkevich, and Tempkin isotherms. The adsorption capacity was found to be 2.6 mg/g of car-
bon. Increase of temperature increased adsorption. Acidic pH was favorable for the adsorption of dye. Studies on pH effect and desorption show
that chemisorption seems to play a major role in the adsorption process.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Removal of color from wastewater is a most challenging
and perplexing problem. The colored wastewaters from these
industries are harmful to the aquatic life in rivers and lakes
due to reduced light penetration and the presence of highly
toxic metal complex dyes. Dyes can cause allergic dermatitis,
skin irritation, cancer, mutation, etc. Most of the industries like
textile, leather, plastics, paper, food, cosmetics, etc., use dyes
and pigments to color their products. Although the exact num-
ber and amount of dyes produced in the world is not known, it
is estimated to be more than 100,000 with over 7� 105 tons of
dye-stuff produced annually [1e3].
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A large number of reactive dyes are azo compounds that are
linked by an azo bridge [4]. Even the presence of very low
concentrations of dyes (less than 1 mg/L) in the effluent is
highly visible and is considered undesirable [5]. In addition,
since reactive dyes are highly soluble in water, their removal
from effluent is difficult by conventional physicochemical
and biological treatment methods [6,7].

Photocatalytic degradation of reactive dye using sunlight/
ZNO [8], by ozonation [9] and in a bubble-column reactor
[10], electrochemical process by manganese mineral [11],
coagulation [12], ozone membrane separation [13], anaerobic
decolourisation [14], advanced oxidation with UV/H2O2 and
adsorption on GAC [15], granulated iron hydroxide and its
oxidative regeneration for adsorption of reactive dyes have
also been investigated [16].

Wastewaters from dyeing industries are released into
nearby land or rivers without any treatment because the con-
ventional treatment methods are not cost effective in the
Indian context. On the other hand, low-cost technologies do
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not allow a wishful color removal or have certain disadvan-
tages. Adsorption is one of the most effective methods and
activated carbon is the preferred adsorbent widely employed
to treat wastewater containing different classes of dyes.

In these respects, adsorption has been found to be an effi-
cient and economically cheap process for removing dyes using
various adsorbents [17,18]. For removal of color from indus-
trial wastewater, adsorption has become one of the most eco-
nomic and effective method. Thus this process has aroused
considerable interest during recent years. The adsorption of
impurities from solution onto solid materials currently offers
an attractive method of wastewater treatment.

Adsorption is a surface phenomenon, involving the accu-
mulation of dissolved or suspended contaminants on surfaces
of activated carbon within an equilibrium phenomenon. The
process is superior to many other methods of water reuse by
virtue of its low initial cost, low energy requirements, simplic-
ity of design, and possibility of reusing the spent carbon via
regeneration [19].

A number of investigators have studied the feasibility of
using inexpensive alternative materials like rice husk [20],
barley husk [21], coconut based powdered activated carbon
[5], de-oiled soya [22], spent brewery grains [23], bagasse
fly ash [24], chitson [25], peanut hull [26], neam leaf powder
[27] etc., as carbonaceous precursors for the removal of dyes
from wastewater.

For any batch adsorption process, the main parameters to be
considered are pH, temperature, particle size and time [28].
Hence it is necessary to investigate extensively on the relation-
ship between adsorption efficiency and the parameters affect-
ing it. Owing to high cost of activated carbon, an adsorbent
that is cheap and easily available would be a better alternative.
In the present study, a novel adsorbent consisting of coir pith
carbon was investigated for its efficiency in the removal of
dye, namely procion orange, from aqueous solution. Their mo-
lecular structure is shown in Fig. 1. The interaction between
the parameters was studied.

2. Experimental

2.1. Physicochemical analysis of adsorbent

Coir pith was collected from nearby coconut coir industries,
dried in sunlight for 5 h and ground. The dried coir pith pow-
der was sieved to 250e500 mm size. It was subjected to
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Fig. 1. Molecular structure of procion orange (Acid Blue 15) C.I. No. 42645.
carbonization at 700 �C for 1 h using a muffle furnace under
closed conditions. The carbonized material was taken out,
sieved to 250e500 mm size again and used for adsorption stud-
ies. Morphological features of samples were obtained with
a Hitachi 2300 Scanning Electron Microscope. The character-
istics of the coir pith carbon have been reported in Table 1.

2.2. Experimental procedure

Adsorption experiments were carried out by agitating
300 mg of carbon with 50 ml of dye solution of desired concen-
tration and pH at 200 rpm, 35 �C, in a thermostated rotary
shaker (ORBITEK, Chennai, India). Procion orange concentra-
tion was estimated spectrophotometrically by monitoring the
absorbance at 492.6 nm using UVevis spectrophotometer
(Hitachi, model U-3210, Tokyo). pH was measured using pH
meter (Elico, model LI-107, Hyderabad, India). The dye solu-
tion was separated from the adsorbent by centrifugation at
20,000 rpm for 20 min and its absorbance was measured.
Effect of adsorbent dosage was studied with different adsorbent
doses (25e400 mg) and 50 ml of dye solutions and agitated for
equilibrium time. Langmuir, Freundlich, Dubinin and Radush-
kevich and Tempkin equations were employed to study the
equilibrium adsorption. Effect of pH was studied by adjusting
the pH of dye solutions using dilute HCl and NaOH solutions
and the solutions were agitated with 200 mg/50 ml adsorbent
dose at 40 and 60 min, respectively, for 10 and 20 mg/L dye
concentrations. The adsorbent that was used for the adsorption
of 10 or 20 mg/L of dye solution was separated from the solu-
tion by centrifugation and desorption studies were conducted.
The dye-loaded adsorbent was filtered using Whatman filter
paper and washed gently with water to remove any unadsorbed
dye. Several such samples were prepared. Then the spent adsor-
bent was agitated for 25, and 70 min with 50 ml of distilled
water, adjusted to different pH values. The desorbed dye was
estimated as before. For temperature studies, adsorption of
10 mg/L of procion orange by 200 mg of adsorbent was carried
out at 35, 40, 50 and 60 �C in the thermostated rotary shaker.

Table 1

Characteristics of coir pith carbon

Physical parameters

Specific surface

area (m2/g)

167 pH ZPC 8.0

Bulk density (g/mL) 0.12 pH (1% solution) 10.1

Conductivity (1% solution)

(mS/cm)

2.3 Ash content (%) 79.87

Mechanical moisture

content (%)

5.88 Porosity (%) 93.11

Specific gravity 1.742 Volatile matter (%) 58.38

Decolourising power

(mg/g)

21.0 Fixed carbon (%) 41.62

Iodine number (mg/g) 101.52 Ion exchange capacity Nil

Chemical parameters

Sodium (%) 0.14 Potassium (%) 0.18

Calcium (%) 0.22 Phosphorous (%) 0.01

Iron (%) 0.18
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Fig. 2. Scanning electron micrograph of coir pith carbon.
3. Results and discussion

3.1. Scanning electron micrograph studies

SEM is widely used to study the morphological features
and surface characteristics of the adsorbent materials
[29,30]. In the present study, scanning electron microscopic
photograph (Fig. 2) of coir pit carbon reveals surface texture
and porosity. This photomicrograph shows fibrous structure
of coir pith carbon.

Table 2

Kinetic parameters for the removal of procion orange by coir pith carbon

Pseudo-first-order constants

Conc k1 (min�1) qe (mg/g) R2 Temp ( �C) k1 (min�1) qe (mg/g) R2

10 0.083 0.399 0.978 35 0.029 0.540 0.981

20 0.156 0.626 0.952 40 0.033 0.462 0.965

30 0.709 0.486 0.985 50 0.032 0.347 0.972

40 0.713 0.592 0.970 60 0.029 0.275 0.950

Pseudo-second-order constants

Conc h (mg/g

min)

k2 (g/mg

min)

R2 Temp

( �C)

h (mg/g

min)

k2 (g/mg

min)

R2

10 1.244 0.713 0.999 35 0.399 0.215 0.997

20 2.231 0.544 0.999 40 0.542 0.274 0.998

30 3.069 0.629 0.999 50 0.811 0.396 0.999

40 3.114 0.518 0.999 60 1.132 0.531 0.999

Bangham constants

Conc k0 (ml/g/L) a R2 Temp ( �C) k0 (ml/g/L) a R2

10 15.957 0.1147 0.9915 35 26.353 0.1002 0.9959

20 8.276 0.1017 0.9901 40 19.228 0.1601 0.9683

30 5.799 0.0765 0.9939 50 22.984 0.1261 0.9909

40 4.429 0.0874 0.9808 60 16.249 0.1859 0.9846

Intra-particle diffusion constants

Conc kid (mg/g min) R2 Temp ( �C) kid (mg/g min) R2

10 0.0852 0.9858 35 0.0681 0.9715

20 0.1201 0.9728 40 0.0596 0.9451

30 0.1038 0.993 50 0.0473 0.9288

40 0.1288 0.9633 60 0.0377 0.9006
3.2. Effects of agitation time and concentration
of dye on adsorption

The nature of adsorption process will depend on physical or
chemical characteristics of the adsorbent and also on the sys-
tem conditions. The amount of dye adsorbed (mg/g) increased
with increase in agitation time and reached equilibrium. The
equilibrium time was 30 min for all dye concentrations. The
amount of dye removal at equilibrium increased from 1.34
to 2.44 mg/g with the increase in dye concentration from 10
to 40 mg/L. It is clear that the removal of dyes depends on
the concentration of the dye. It is also observed that for an ini-
tial dye concentration of 10 mg/L, maximum amount (approx-
imately 80.5% of total amount of dye removed) of dye was
adsorbed within the first 30 min at an average adsorption
rate of 0.0448 mg/g min, and thereafter the adsorption rate
tends to decrease and proceeds at an average adsorption rate
of 0.0159 mg/g min. A similar trend was observed for the
remaining range of initial dye concentrations (20e40 mg/L)
studied. The initial rapid phase may be due to the increased
number of vacant sites available at the initial stage, as a result
there exist increased concentration gradient between adsorbate
in solution and adsorbate in the adsorbent.

3.3. Adsorption dynamics

The rate constant of adsorption is determined from the first-
order rate expression given by Lagergren [31]

logðqe� qÞ ¼ log qe� klt=2:303 ð1Þ

where qe and q are the amounts of dye adsorbed (mg/g) at
equilibrium and at time t (min), respectively, and k1 is the
rate constant of adsorption (l/min). Values of k1 were calcu-
lated from the plots of log (qe�q) versus t (Figure not shown)
suggesting the first-order kinetics of the removal of procion
orange. The values of k1 and qe at different concentrations
calculated from the slops and intercepts of these curves are
represented in Table 2.
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Fig. 3. Second-order kinetic plots for the removal of procion orange: at different initial dye concentrations: adsorbent dose, 300 mg/50 ml; initial pH, 6.9; tem-

perature, 35 �C.
3.4. The second-order kinetic model

The second-order kinetic model [32] is expressed as

t=q¼ 1=k2q2
e þ t=qe ð2Þ

The initial adsorption rate, h (mg/g min), as t / 0 can be
defined as

h¼ k2q2
e ð3Þ

The initial adsorption rate (h), the equilibrium adsorption
capacity (qe), and the second-order constants k2 (g/mg min)
can be determined experimentally from the slope and intercept
Fig

pH
of plot t/q versus t (Fig. 3). Calculated correlations are closer
to unity for second-order kinetics model; therefore the adsorp-
tion kinetics could well be approximated more favourably
by second-order kinetic model for procion orange. The k2

(g/mg min) and h (mg/g min) values as calculated from Fig. 3
are listed in Table 2. Similar phenomena have been observed
in the adsorption of congo red and 2-chlorophenol on coir pith
carbon [5,7].

3.5. Intra-particle diffusion study

An empirically found functional relationship, common to
most adsorption processes, is that the uptake varies almost
R2
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Fig. 5. Bangham’s plot for removal of procion orange at different initial dye concentrations: adsorbent dose, 300 mg/50 ml; initial pH, 6.9; temperature, 35 �C.
proportionally with t1/2, the WebereMorris plot, rather than
with the contact time, t [33]

qt ¼ kidt1=2þC ð4Þ

where kid is the intra-particular diffusion rate constant.
According to Eq. (4), a plot of qt versus t1/2 should be a straight
line with a slope kid and intercept C when adsorption mecha-
nism follows the intra-particular diffusion process. Values of
the intercept give an idea about the thickness of boundary
layer, i.e., the larger the intercept the greater is the boundary
layer effect [34]. In Fig. 4, plot of mass of dye adsorbed per
unit mass of adsorbent, qt versus t1/2, is presented for procion
orange. The linear plots are attributed to the macropore diffu-
sion, which is the accessible sites of adsorption. This is attrib-
uted to the instantaneous utilization of the most readily
available adsorbing sites on the adsorbent surface. The values
of kid as obtained from the slope of straight lines are listed in
Table 2.
3.6. Bangham’s equation

Kinetic data were further used to know about the slow step
occurring in the present adsorption system using Bangham’s
equation [35]

log logðC0=C0� qtmÞ ¼ logðk0m=2 : 303VÞ þ logðtÞ ð5Þ

where C0 is the initial concentration of adsorbate in solution
(mg/L), V is the volume of solution (ml), m is the weight of
adsorbent per liter of solution (g/L), qt (mg/g) is the amount
of adsorbate retained at time t, and a (<1) and k0 are con-
stants. The double logarithmic plot (Fig. 5) according to the
above equation yielded perfect linear curves for procion or-
ange removal by carbon showing that the diffusion of adsor-
bate into pores of the adsorbent is not the only rate
controlling step [36].
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Fig. 6. Langmuir plot for the adsorption of procion orange by coir pith carbon.
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3.7. Adsorption equilibrium study

To optimize the design of an adsorption system for the
adsorption of procion orange, it is important to establish
the most appropriate correlation for the equilibrium curves.
Various isotherm equations have been used to describe the
equilibrium nature of adsorption. Some of these equations
are Langmuir, Freundlich, Dubinin and Radushkevich and
Tempkin equations.

Table 3

Isotherm parameters for removal of procion orange by coir pith

Langmuir constants

Conc Q0 (mg/g) b (L/mg) RL

10 2.60 0.433 0.188

20 0.104

30 0.072

40 0.055

Freundlich constants

Conc kf (mg1�(1/n) L1/n g�1) n R2

10 0.875 2.367 0.8235

20 0.332 1.260 0.7932

30 0.073 0.819 0.7429

40 0.019 0.661 0.7154

DubnineRadushkevich constants

Conc qs (mg/g) E (kJ/mol) R2

10 6.41 1.0 0.9256

20

30

40

Tempkin constants

Conc Kt (1/mg) B1 R2

10 13.39 0.4143 0.9947

20

30

40
3.7.1. Adsorption isotherms
Langmuir isotherm [37] is represented by the following

equation:

Ce=qe ¼ 1=Q0bþCe=Q0 ð6Þ

where Ce is the concentration of dye solution (mg/L) at equilib-
rium. The constant Q0 signifies the adsorption capacity (mg/g)
and b is related to the energy of adsorption (L/mg). Values of
Q0 and b calculated in the removal of procion orange using
orange peel [38] adsorbent are 1.33 and 0.059, respectively.

Langmuir plot is shown in Fig. 6 along with the experimen-
tal data. Langmuir plot is a better fit of the experimental data
compared to Freundlich plots. Values of Q0 and b were calcu-
lated from the slope and intercept of the linear plots and are
presented in Table 3.

The essential characteristics of the Langmuir isotherm can
be expressed by a dimensionless constant called equilibrium
parameter RL, defined by Weber and Chakkravorti [39]:

RL ¼ 1=ð1þ bC0Þ ð7Þ

where b is the Langmuir constant, C0 is the initial dye concen-
tration (mg/L), and RL values indicate the type of isotherm.
The calculated RL values versus initial solute concentration
were represented in Fig. 7 and Table 3 shows RL values
between zero and one, which confirms the favorable uptake
of procion orange.

3.7.2. Freundlich isotherm
Freundlich isotherm [40] was also applied to plot the

equilibrium data of the adsorption

log10ðx=mÞ ¼ log10kf þ ð1=nÞlog10Ce ð8Þ

where x is the amount of dye adsorbed (mg), m is the weight of
the adsorbent used (g), Ce is the equilibrium concentration of
dye in solution (mg/L), and kf (mg1�(1/n) L1/n g�1) and 1/n are
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Fig. 7. Separation factor for procion orange onto coir pith carbon.
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Freundlich constants. n is related to the adsorption energy dis-
tribution and kf indicates the adsorption capacity. Freundlich
plots are shown in Fig. 8 along with the experimental data.
Freundlich plots do not fit satisfactorily with the experimental
data. The correlation coefficients were found to be less than
0.8 (Fig. 8) and values of kf and n were calculated from the
intercept and slope of the plots and are presented in Table 3.
Calculated values of kf and n in the removal of procion orange
peel [38] as adsorbent are 0.164 and 2.072 respectively.

3.7.3. Dubinin and Radushkevich isotherm
This isotherm is generally expressed as follows [41]:

qe ¼ qs exp
�
�B 32

�
ð9Þ

where qs is DeR constant and 3 can be correlated:
3¼ RT lnð1þ 1=CeÞ ð10Þ

The constant B gives the mean free energy E of adsorption
per molecule of adsorbate when it is transferred to the surface
of the solid from infinity in the solution and can be computed
using the following relationship [42]:

E¼ 1=ð2BÞ1=2 ð11Þ

Calculated DubinineRadushkevich constants for the
adsorption of procion orange on coir pith carbon are shown
in Table 3; the DeR isotherms are plotted against the experi-
mental data points, as shown in Fig. 9. From this figure, it is
clear that the adsorption energy value is lowest for adsorption
of procion orange on coir pith carbon. The values of correla-
tion coefficients are much lower than the other three isotherm
values. In this case, the DeR equation represents the poorer fit
of experimental data than the other isotherm equation.
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Fig. 10. Tempkin isotherm plots for the removal of procion orange by coir pith carbon.
3.7.4. Tempkin isotherm
The derivation of the Temkin isotherm assumes that the fall

in the heat of sorption is linear rather than logarithmic, as
implied in the Freundlich equation [43]. The Temkin isotherm
has generally been applied in the following form [44]:

qe ¼ RT=b ln ðKtCeÞ ð12Þ
Eq. (11) can be expressed in its linear form as:

qe ¼ B1 ln Kt þB1ln Ce ð13Þ

where

B1 ¼ RT=b ð14Þ
The adsorption data can be analyzed according to Eq. (12).

A plot of qe versus ln Ce enables the determination of the
isotherm constants Kt and B1. Kt is the equilibrium binding
constant (l/min) corresponding to the maximum binding
energy and constant B1 is related to the heat of adsorption.
This isotherm for the adsorption of procion orange on coir
pith carbon is depicted in Fig. 10 and values of the parameters
are given in Table 3.

3.8. Pore diffusion coefficient

Assuming spherical geometry for the adsorbent, the time
for half adsorption can be correlated to the pore diffusion
coefficient [45]

t1=2 ¼ 0:03r2
0=Dp ð15Þ

where t1/2 is the time for half adsorption (s), r0 is the radius of
the adsorbent particle (cm) and Dp is the diffusion coefficient
(cm2/s). Values of Dp have been calculated for different tem-
peratures and different concentrations of dye. The removal
of dye follows pore diffusion process since the coefficient
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Fig. 12. van’t Hoff plot for the adsorption of procion orange.
values are in the range of 10�11e10�13 cm2/s. Values of Dp for
procion orange are 1.178 cm2/s for 10e40 mg/L and
0.393 cm2/s for 10 mg/L of dye in the temperature range
35e60 �C.

3.9. Studies on pH effect

The influence of pH on the adsorption capacity of coir pith
carbon for the removal of procion orange is studied (Fig. 11).
Activated carbon normally contains varying amounts of water
molecules especially those which either exist as surface hy-
droxyl groups or adsorbed water. At acidic pH, an increasing
concentration of the Hþ ion in dye solution, the surface OH�

ions would get neutralized by protonation, which facilitates
the diffusion of dye molecules in the vicinity of the adsorbent.
Consequently the positive charge density would be located
more on the dye molecule at pH 2, and this accounts for the
higher dye uptake on the negatively charged surface. Thus it
seems likely that the negative charge density on the surface
will increase and will be associated with Hþ or Naþ ions
according to the pH of the solution. These positively charged
ions in the presence of dye solution could then be exchanged
with dye cations as follows:

H+

MO- Dye+-----Cl- MO- Dye+

Na+

At solution pH¼ 2.0, the surface becomes positively
charged and is associated with negatively charged Cl�:

MOH2
+ Cl-

Obviously, there will be no exchangeable cationic species
on the adsorbent surface in alkaline medium, resulting in
unfavorable conditions for the adsorption of the dye. It shows
that the adsorption was decreased as the pH of the system
increases, when the number of negative charge on the surface
is very much reduced due to the excess of protons in solution.
A negatively charged surface site on the adsorbent does not
favor the adsorption of dye anions due to the electrostatic
repulsion. This suggests that chemisorption plays a main
role in the adsorption.

3.10. Desorption studies

Desorption studies help to elucidate the mechanism of
adsorption and also help in the recovery of dye and adsorbent,
which makes the treatment process more economical, and it is
necessary to regenerate the spent carbon and dye. As the
desorbing pH was increased, the percent removal increased
from 0.31 at pH 2 to 26.16 at pH 11 for 10 mg/L and 1.89
at pH 2 to 36.62 at pH 11 for 20 mg/L (Fig. 11). A maximum
desorption occurred at alkaline pH.

3.11. Effect of temperature

Increase of temperature increased the percent removal.
Changes in standard free energy, enthalpy and entropy of ad-
sorption were calculated using the following equations:

DG
� ¼ �RT ln Kc ð16Þ

where R is gas constant, Kc is the equilibrium constant and T is
the temperature in K.

According to van’t Hoff equation

Table 4

Thermodynamic parameters

Temp ( �C) Kc DG � (kJ/mol) DH
�

(kJ/mol) DS
�

(J/k/mol)

35 1.258 �0.588 4.726 17.35

40 1.333 �0.736

50 1.382 �0.828

60 1.46 �0.969
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Fig. 13. Second-order kinetic at different temperatures: adsorbent dose, 200 mg/50 ml; procion orange concentration, 10 mg/L; initial pH, 6.9.
log10Kc ¼ DS
�
=2:303R � DH

�
=2:303RT ð17Þ

Plot of log Kc versus 1/T is linear (Fig. 12). Values of DH �

and DS � were evaluated from the slope and intercept of van’t
Hoff plot, respectively (Table 4). Positive values of DH � show
the endothermic nature of adsorption. The negative values of
DG � indicate the spontaneous nature of adsorption for procion
orange at 35, 40, 50 and 60 �C. Entropy of activation can be re-
garded as a measure of the ‘‘saddle point of energy’’ over which
reactant molecules must pass as activated complexes. Thus DS �

conveys whether a particular reaction proceeds faster or slower
than another individual reaction [40]. The positive values of
DS � suggest the increased randomness at the solid/solution in-
terface during the adsorption of dye on coir pith carbon. Linear
plots of t/q versus t corresponding to the second-order kinetic
model were obtained (Fig. 13). Intra-particle diffusion plot for
qt versus t1/2 should be a straight line (Fig. 14) and double
logarithmic plot of loglog (C0/C0� qtm) versus log t (Fig. 15)
also yielded perfect linear curves for procion orange at different
temperature studies. The equilibrium data obtained for all the
kinetics are presented in Table 2.

4. Conclusions

The present study shows that coir pith carbon is an effective
adsorbent for the removal of procion orange from aqueous
solution. The Physico-chemical characteristics of having an
excess of positive charge on the surface enabled activated car-
bon to adsorb procion orange with a greated capacity. With re-
spect to the suitability of the first-order and second-order
kinetic models for procion orange adsorption onto carbon, it
has been represented that the adsorption kinetics of procion
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Fig. 14. Weber and Morris intra-particle diffusion plots for removal of procion orange at different temperatures: adsorbent dose, 200 mg/50 ml; procion orange

concentration, 10 mg/L; initial pH, 6.9.
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Fig. 15. Bangham plot for removal of procion orange at different temperatures: adsorbent dose, 200 mg/50 ml; procion orange concentration, 10 mg/L; initial pH, 6.9.
orange obeys the second-order kinetics preferably, which pro-
vide the best correlation of the data. However, there is evi-
dence that the adsorption of dye onto coir pith carbon is
a complex process, so it cannot be adequately described by
a single kinetic model throughout the whole process. In this
manner, for instance, intra-particle diffusion played a signifi-
cant role, but it was not the main rate determining step during
adsorption. By comparing the correlation coefficients deter-
mined for each linear transformation of isotherm analysis,
the Langmuir and Tempkin isotherm models, which fit the ex-
perimental data reasonably well, were found to provide the
best prediction for the adsorption of procion orange. The acti-
vation energy of adsorption can be evaluated with the second-
order rate constants. Since the raw material coir pith is freely
available in large quantities in coir industries, the treatment
method seems to be economical. Based on the above good re-
sults this relatively cheap, low-cost material is recommended
as an effective and cheap adsorbent for removal of dye from
textile effluents.
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