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bstract

The adsorption of acid brilliant blue onto thermally activated coir pith carbon in aqueous solution was studied in a batch system with respect to
ontact time, pH, and temperature. Acidic pH was favorable for the adsorption of this dye. The surface characterization of thermally activated coir
ith carbon was performed using the FT-IR technique. Kinetic studies showed that the adsorption of dye on coir pith carbon was a gradual process.
agergren-first-order, second-order, intra-particle diffusion model and Bangham were used to fit the experimental data. Equilibrium isotherms
ere analysed by Langmuir, Freundlich, Dubinin–Radushkevich and Tempkin isotherms. The adsorption capacity was found to be 15.24 mg/g

y Langmuir isotherm. The pH effect and desorption studies suggest that chemisorption might be the major mode of the adsorption process. The
hange is entropy (�S◦) and heat of adsorption (�H◦) of coir pith carbon was estimated as185.45 J/(mol K) and 48.02 kJ/mol, respectively. The
igh negative value of change in Gibbs free energy indicates the feasible and spontaneous nature of adsorption on acid brilliant blue on coir pith
arbon.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Activated carbons are the most widely used adsorbents in
ndustry. Powdered and granular active carbons are used in waste
nd potable water treatment, in system of air emission cleaning,
n chemical processes such as solvent recovery and decolouris-
ng, in general domestic applications such as odour and smell
emoval. The world market for activated carbon in 2000 year was
alculated to be 7 lakh tonnes and its growth estimated at 4–6%
er year. These adsorbents have a price that ranges over a wide
eld (US$ 3–12 for kg) relating with origin, quality and quan-

ity. This study is to learn the adsorption behaviour of carbons
ade from coir pith. Coir pith is a by-product of coir process-

ng industry, is produced more than 7.5 million tonnes annually
n southern India [1]. We have analysed the possibility of pro-

ucing economic and efficient carbons from coir pith and their
apability to remove heavy metal [2–4], chlorophenol [5,6] and
yeing [7] substances.
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effect; Temperature effect

The textile industry (and especially that part focused on the
yeing process) belongs among important sources of contamina-
ion responsible for the continuous pollution of the environment.
roduction of textiles and volume of wastewater containing pro-
essed textile dyes steadily increases [8]. Inefficiencies in the
yeing of textiles results in large amounts of the dyestuff being
ost directly into wastewater and consequently having a detri-

ental effect on flora and fauna [9–11]. The American Dye
anufacturers Institute states that dyes and pigments cannot be

lassified as hazardous chemicals except for benzidine and cer-
ain cationic dyes (particularly triphenyl-methane types) which
re very toxic to fishes. The real hazard setting aside aesthetic
onsiderations is caused when coloured agents interfere with
he transmission of light through water and hinder photosyn-
hesis, so resulting in ecological imbalance [12,13]. There are
ore than 100,000 dyes available commercially, most of which

re difficult to decolourise due to their complex structure and
ynthetic origin. They are specifically designed to resist fading

pon exposure to sweat, light, water and oxidizing agents and as
uch are very stable and difficult to degrade [14,15]. Acid dyes
re organic sulphonic acids; the commercially available forms
re usually sodium salts, which exhibit good water solubility.

mailto:srikavi1@gmail.com
dx.doi.org/10.1016/j.cej.2007.08.011
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Table 1
Characteristics of coir pith carbon

Physical parameters
Specific surface area (m2/g) 167
Bulk density (g/ml) 0.12
Conductivity (1% solution) (mS/cm) 2.3
Mechanical moisture content (%) 5.88
Specific gravity 1.742
Decolourising power (mg/g) 21.0
Iodine number (mg/g) 101.52
pHZPC 8.0
pH (1% solution) 10.1
Ash content (%) 79.87
Porosity (%) 93.11
Volatile matter (%) 58.38
Fixed carbon (%) 41.62
Ion exchange capacity Nil

Chemical parameters
Sodium (%) 0.14
Calcium (%) 0.22
Iron (%) 0.18

c
t
(
m
t
2
o
(
l
a
a
s
t
6
o
o
b
W
a
t
d
w
1
o

3

3

a

54 D. Kavitha, C. Namasivayam / Chemic

n sequence of their importance, acid dyes are mostly used
ith certain fiber types such as polyamide, wool, silk, modi-
ed acrylic, and polypropylene fibers, as well as blends of the
forementioned fibers with other fibers such as cotton, rayon,
olyester, regular acrylic, etc. From the aesthetic point of view,
he presence of dyes, in particular carcinogenic compounds,
n surface and underground waters is not safe, pleasant, or
elcomed. Recently, all governments have been under severe
ressure by their people to stop this type of effluent to the pub-
ic watercourses, unless it is treated properly. So the removal of
olour from waste effluents has become environmentally impor-
ant [16,17]. The USEPA (Environmental Protection Agency)
as classified textile wastes into four groups, dispersible, hard-
o-treat, high-volume, and hazardous and toxic wastes [18].

Hence, the removal of dye from process or waste effluents
ecomes environmentally important. Because of the high degree
f organics present in these molecules and the stability of modern
yes, conventional physicochemical and biological treatment
ethods are ineffective for their removal. This led to the study

f other effective methods [17,19,20]. The adsorption process is
ne of the effective methods used to remove dyes from aqueous
olution. Equilibrium data are known as adsorption isotherms,
angmuir, Freundlich, etc., are the main requirements for the
esign of adsorption systems. Obtaining equilibrium data for a
pecific adsorbate/adsorbent system can be carried out experi-
entally, with a time-consuming procedure that is incompatible
ith the growing need for adsorption systems design [21].
In this research, the ability of coir pith carbon to remove

cid brilliant blue by adsorption has been studied. The adsorp-
ion capacity of dye was also examined using the adsorption
sotherm technique. The kinetic and thermodynamic parameters
ere also calculated to determine rate constants and adsorption
echanism. The experimental data were fitted into Langmuir

nd Tempkin equations to determine which isotherm gives the
est correlation to experimental data.

. Experimental

.1. Physico-chemical analysis of adsorbent

Coir pith was collected from nearby coconut coir industries,
ried in sunlight for 5 h and ground. The dried coir pith powder
as sieved to 250–500 �m size. It was subjected to carbonization

t 700 ◦C for 1 h using a muffle furnace under closed conditions.
he carbonized material was taken out, sieved to 250–500 �m
ize again and used for adsorption studies. Morphological fea-
ures of samples were obtained with a Hitachi 2300 Scanning
lectron Microscope. FT-IR spectra were obtained using Shi-
adzu, model FTIR-8201 PC. The characteristics of the coir

ith carbon have been reported in Table 1.

.2. Experimental procedure
Adsorption experiments were carried out by agitating 200 mg
f carbon with 50 ml of dye solution of desired concen-
ration and pH at 200 rpm, 35 ◦C in a thermostated rotary
haker (ORBITEK, Chennai, India). Acid brilliant blue con-
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i
c

Potassium (%) 0.18
Phosphorous (%) 0.01

entration was estimated spectrophotometrically by monitoring
he absorbance at 550 nm using UV–vis spectrophotometer
Hitachi, model U-3210, Tokyo). pH was measured using pH
eter (Elico, model LI-107, Hyderabad, India). The dye solu-

ion was separated from the adsorbent by centrifugation at
0,000 rpm for 20 min and its absorbance was measured. Effect
f adsorbent dosage was studied with different adsorbent doses
30–400 mg) and 50 ml of dye solutions and agitated for equi-
ibrium time. Langmuir, Freundlich, Dubinin and Radushkevich
nd Tempkin, equations were employed to study the equilibrium
dsorption. Effect of pH was studied by adjusting the pH of dye
olutions using dilute HCl and NaOH solutions and the solu-
ions were agitated with 200 mg/50 ml adsorbent dose at 40 and
0 min, respectively, for 10 and 30 mg/l dye concentrations. Des-
rption studies of the adsorbent that was used for the adsorption
f 10 or 30 mg/l of dye solution was separated from the solution
y centrifugation. The dye-loaded adsorbent was filtered using
hatman filter paper and washed gently with water to remove

ny unadsorbed dye. Several such samples were prepared. Then
he spent adsorbent was agitated for 25, and 70 min with 50 ml of
istilled water, adjusted to different pH values. The desorbed dye
as estimated as before. For temperature studies, adsorption of
0 mg/l of acid brilliant blue by 100 mg of adsorbent was carried
ut at 35, 40, 50 and 60 ◦C in the thermostated rotary shaker.

. Results and discussion

.1. Scanning electron micrograph (SEM) studies

SEM is widely used to study the morphological features
nd surface characteristics of the adsorbent materials [22,23].

n the present study, scanning electron microscopic photograph
Fig. 1) of coir pit carbon reveals surface texture and poros-
ty. This photomicrograph shows fibrous structure of coir pith
arbon.
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Fig. 1. Scanning electron

.2. IR Spectroscopy studies of coir pith carbon

IR analysis permits spectrophotometric observation of the
dsorbent surface in the range 400–4000 cm−1, and serves as
direct means for the identification of the organic functional

roups on the surface. An examination of the adsorbent surface
efore and after adsorption reaction possibly provides informa-
ion regarding the surface groups that might have participated in
he adsorption reaction and also indicates the surface site(s) on
hich adsorption has taken place. IR studies indicate the partic-

pation of the specific functional groups in adsorption interac-
ion.

IR spectrum of the carbon showed (Fig. 2) peaks at 3417.6
−1
nd 3244 cm which can be assigned to the O H stretch-

ng vibration mode of hydroxyl functional groups including
ydrogen bonding and peaks in the range of 2923.9 and
856.4 cm−1 indicate the presence of aliphatic C H stretching.

Fig. 2. FT-IR Spectra of Coir pith carbon.
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ograph coir pith carbon.

he presence of the band around 2400 cm−1 denotes the pres-
nce of C O stretching. The overlapping bands in the region
600–1500 cm−1 may be related to C C vibration and around
660–1550 cm−1 is attributed to the presence of highly con-
ugated C O in a quinone/carbonyl structure. Quinone type
xygen accounts for about 25% of the total oxygen present on
he surface of the carbon. The band for 1480–1300 cm−1 may be
ue to the presence of the OH bending vibration and indicates
he presence of phenolic group. The band around 900–800 cm−1

egion may be attributed to symmetric CO3 stretch and is
ssociated with the deformation of the carbonate group. The
verlapping bands in the region of 800–600 cm−1 may be due
o out of plane ring deformation (621 cm−1 CH2 Rocking).

.3. Effects of agitation time and concentration of dye on
dsorption

The amount of dye adsorbed (mg/g) increased with increase
n agitation time and reached equilibrium. The equilibrium time
as 25 min for 10 mg/l, 70 min for 30 and 50 mg/l, and 150 min

or 70 mg/l of dye concentration, respectively. The amount of
ye removal at equilibrium increased from 2.5 to 13.68 mg/g
ith the increase in dye concentration from 10 to 70 mg/l. It is

lear that the removal of dyes depends on the concentration of
he dye.

.4. Adsorption dynamics

The rate constant of adsorption is determined from the first
rder rate expression given by Lagergren [24].

og(qe − q) = log qe − k1t

2.303
(1)

here qe and q are the amounts of dye adsorbed (mg/g) at equi-

ibrium and at time t (min), respectively and k1 is the rate constant
f adsorption (l/min). Values of k1 were calculated from the plots
f log(qe − q) versus t (figure not shown) suggested the first order
inetics of the removal of acid brilliant blue. The values of k1
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Table 2
Kinetic parameters for the removal of acid brilliant blue by coir pith carbon

Concentration k1 (min−1) qe (mg/g) R2 Temperature (◦C) k1 (min−1) qe (mg/g) R2

Pseudo-first-order constants
10 0.11 0.271 0.856 35 0.117 2.314 0.967
20 0.06 2.413 0.967 40 0.124 1.992 0.989
30 0.04 1.638 0.898 50 0.103 1.314 0.971
40 0.02 2.180 0.927 60 0.081 0.586 0.927

Concentration h (mg/(g min)) k2 (g/(mg min)) R2 Temperature (◦C) h (mg/(g min)) k2 (g/(mg min)) R2

Pseudo-second-order constants
10 5.5858 0.9149 0.9999 35 1.8957 0.086 0.999
20 2.8061 0.0569 0.9986 40 2.4779 0.109 0.999
30 9.4788 0.0811 0.9997 50 3.7037 0.164 0.999
40 6.9055 0.0371 0.9998 60 7.8872 0.343 1.000

Concentration k0 (ml/(g l)) α R2 Temperature (◦C) k0 (ml/(g l)) α R2

Bangham constants
10 58.27 0.0601 0.8723 35 146.11 0.2027 0.9959
20 39.17 0.1257 0.9916 40 164.23 0.1794 0.9807
30 44.75 0.0792 0.9264 50 203.22 0.1228 0.9801
40 38.83 0.0697 0.9284 60 248.52 0.0759 0.8894

Concentration kid (mg/(g min)) R2 Temperature (◦C) kid (mg/(g min)) R2

Intra-particle diffusion constants
10 0.0733 0.8056 35 0.3286 0.9743
20 0.0313 0.9595 40 0.295 0.9396
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30 0.3109 0.8194
40 0.2443 0.8124

nd qe at different concentrations were calculated from the slops
nd intercepts of these curves are represented in Table 2.

.5. The second-order kinetic model [25] is expressed as

t

q
= 1

k2q2
e

+ t

qe
(2)

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

= k2q
2
e (3)

The initial adsorption rate (h), the equilibrium adsorption
apacity (qe), and the second-order constants k2 (g/(mg min))
an be determined experimentally from the slope and intercept
f plot of t/q versus t (Fig. 3). Calculated correlations are closer to
nity for second-order kinetics model; therefore the adsorption
inetics could well be approximated more favorably by second-
rder kinetic model for acid brilliant blue. The k2 (g/(mg min))
nd h (mg/(g min)) values as calculated from Fig. 4 are listed in
able 2. Similar phenomena have been observed in the adsorp-

ion of congo red and 2-chlorophenol on coir pith carbon [5,7].

.6. Intra-particle diffusion study
An empirically found functional relationship, common to the
ost adsorption processes, is that the uptake varies almost pro-

ortionally with t1/2, the Weber–Morris plot, rather than with

l

w
(

50 0.2098 0.9443
60 0.1301 0.8068

he contact time, t [26].

t = kidt
1/2 + C (4)

here kid is the intra-particle diffusion rate constant. Accord-
ng to Eq. (4), a plot of qt versus t1/2 should be a straight
ine with a slope kid and intercept C when adsorption mech-
nism follows the intra-particle diffusion process. Values of
ntercept give an idea about the thickness of boundary layer,
.e., the larger the intercept the greater is the boundary layer
ffect [27]. In Fig. 4, plot of mass of dye adsorbed per unit
ass of adsorbent, qt versus t1/2 is presented for acid bril-

iant blue. The linear plots are attributed to the macropore
iffusion which is the accessible sites of adsorption. This is
ttributed to the instantaneous utilization of the most readily
vailable adsorbing sites on the adsorbent surface. The values
f kid as obtained from the slope of straight lines are listed in
able 2.

.7. Bangham’s equation

Kinetic data were further used to know about the slow the
tep occurring in the present adsorption system using Bangham’s
quation [28].( ) ( )

og log

C0

C0 − qtm
= log

k0m

2.303V
+ log(t) (5)

here C0 is the initial concentration of adsorbate in solution
mg/l), V the volume of solution (ml), m the weight of adsor-
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ig. 3. Second-order kinetics plots for the removal of acid brilliant blue: at
emperature, 35 ◦C.

ent per liter of solution (g/l), qt (mg/g) the amount of adsorbate
etained at time t, and α (<1) and k0 are constants. The double
ogarithmic plot (Fig. 5) according to above equation yielded
erfect linear curves for acid brilliant blue removal by car-
on showing that the diffusion of adsorbate into pores of the
dsorbent is not the only rate controlling step [29].

.8. Adsorption equilibrium study

To optimize the design of an adsorption system for the

dsorption of acid brilliant blue, it is important to establish
he most appropriate correlation for the equilibrium curves.
arious isotherm equations have been used to describe the
quilibrium nature of adsorption. Some of these equations are

r
a
o
i

ig. 4. Weber and Morris intra-particle diffusion plots for removal of acid brilliant bl
H, 6.9, temperature, 35 ◦C.
ent initial dye concentrations: adsorbent dose, 300 mg/50 ml; initial pH, 6.9,

angmuir, Freundlich, Dubinin and Radushkevich and Tempkin
quations.

.8.1. Adsorption isotherms
Langmuir isotherm [30] is represented by the following equa-

ion:

Ce

qe
= 1

Q0b
+ Ce

Q0
(6)

here Ce is the concentration of dye solution (mg/l) at equilib-

ium. The constant Q0 signifies the adsorption capacity (mg/g)
nd b is related to the energy of adsorption (l/mg). Linear plot
f Ce/qe versus Ce shows that adsorption follows Langmuir
sotherm (figure not shown). Values of Q0 and b were calcu-

ue: at different initial dye concentrations: adsorbent dose, 300 mg/50 ml; initial
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ated from the slope and intercept of the linear plots and are
resented in Table 3. Values of Q0 and b were observed using
iogas residual slurry [31] and banana pith [32] as adsorbent for

he removal of acid brilliant blue are 13.51, 0.13 and 4.35, 0.13,
espectively.

The essential characteristics of Langmuir isotherm can
e expressed by a dimensionless constant called equilibrium

able 3
sotherm parameters for removal of acid brilliant blue by coir pith

oncentration Q0 (mg/g) b (l/mg) RL

angmuir constants
10

15.24 0.471

0.18
30 0.07
50 0.04
70 0.03

oncentration kf (mg1−(1/n) L1/n g−1) n R2

reundlich constants
10 4.37 3.00 0.9998
30 4.30 2.17 0.9998
50 2.81 1.81 0.9999
70 2.31 1.68 0.9992

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

ubnin–Radushkevich constants
10

10.32 2.673 0.8791
20
30
40

oncentration Kt (1/mg) B1 R2

empkin constants
10

10.50 2.5411 0.9587
20
30
40
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entrations: adsorbent dose, 300 mg/50 ml; initial pH, 6.9, temperature, 35 ◦C.

arameter RL, defined by Weber and Chakkravorti [33]:

L = 1

1/bC0
(7)

here b is the Langmuir constant and C0 is the initial dye concen-
ration (mg/l), RL values indicate the type of isotherm. Table 3
hows RL values between zero and one, which indicate favorable
dsorption.

.8.2. Freundlich isotherm [34] was also applied to plot the
quilibrium data of the adsorption:

og10

( x

m

)
= log10kf +

(
1

n

)
log10 Ce (8)

here x is the amount of dye adsorbed (mg), m the weight of the
dsorbent used (g), Ce is the equilibrium concentration of dye in
olution (mg/l), kf (mg1−(1/n) L1/n g−1) and 1/n are Freundlich
onstants. n is related to the adsorption energy distribution, and
f indicates the adsorption capacity. The correlation coefficients
ere found to be less than 0.9 (Fig. 6) and values of kf and n
ere calculated from the intercept and slope of the plots and are
resented in Table 3. Values of kf and n were observed using bio-
as residual slurry and banana pith as adsorbent for the removal
f acid brilliant blue are 0.50, 1.238 and 1.0, 2.63, respectively.

.8.3. Dubinin and Radushkevich isotherm
Another equation used in the analysis of isotherms was pro-

osed by Dubinin and Radushkevich [35]

e = qs exp(−Bε2) (9)

here qs is D–R constant and ε can be correlated:( )

= RT ln 1 + 1

Ce
(10)

The constant B gives the mean free energy E of adsorption
er molecule of adsorbate when it is transferred to the surface
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Fig. 6. Freundlich plots for the adsorpt

f the solid from infinity in the solution and can be computed
sing the following relationship [36]:

= 1

(2B)1/2 (11)

Calculated Dubinin–Radushkevich constants for the adsorp-
ion of acid brilliant blue on coir pith carbon are shown in Table 3;
he values of correlation coefficients are much lower than the
ther three isotherms values. In this case, the D–R equation rep-
esents the poorer fit of experimental data than the other isotherm
quation.

.8.4. Tempkin isotherm
Tempkin isotherm contains a factor that explicitly takes

nto account adsorbing species–adsorbate interactions. This
sotherm assumes that: (i) the heat of adsorption of all the

olecules in the layer decreases linearly with coverage due to
dsorbate–adsorbate interactions, and (ii) adsorption is charac-
erized by a uniform distribution of binding energies, up to some

aximum binding energy [37]. Tempkin isotherm is represented
y the following equation:

e = RT

b
ln (KtCe) (12)

Eq. (12) can be expressed in its linear form as:

e = B1 ln Kt + B1 ln Ce (13)

here

1 = RT
(14)
b

The adsorption data can be analysed according to Eq. (13). A
lot of qe versus ln Ce enables the determination of the isotherm
onstants Kt and B1. Kt is the equilibrium binding constant

T
h
w
t

acid brilliant blue by coir pith carbon.

l/mol) corresponding to the maximum binding energy and con-
tant B1 is related to the heat of adsorption. The values of the
arameters are given in Table 3.

.9. Pore diffusion coefficient

Assuming spherical geometry for the adsorbent, the time
or half adsorption can be correlated to the pore diffusion
oefficient [38].

1/2 = 0.03r2
0

Dp
(15)

here t1/2 is the time for half adsorption (s), r0 is the radius of
he adsorbent particle (cm) and Dp is the diffusion coefficient
cm2/s). Values of Dp have been calculated for different tem-
eratures and different concentrations of dye. The removal of
ye follows pore diffusion process since the coefficient values
re in the range of 10−11 to 10−13 cm2/s. values of Dp for acid
rilliant blue are 1.414 cm2/s for 10 mg/l, 0.505 cm2/s for 30 and
0 mg/l and 0.236 cm2/s for 70 mg/l and for temperature studies
.884 cm2/s for 10 mg/l at 35, 40, 50 and 60 ◦C have also been
bserved.

.10. Studies on pH effect

Effect of pH on the removal of acid brilliant blue is shown in
ig. 7. The adsorption of this anionic dye group onto the adsor-
ent surface is primarily influenced by the surface charge on the
dsorbent, which in turn is influenced by the solution pH [39].

he maximum removal for acid brilliant blue with carbon was
ence observed at pH 2, when the surface is positively charged
ith excess protons in solution. The percent removal was nearly

he same for 10 mg/l dye concentration and slightly decreased
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second-order rate constants. Since the raw material coir pith is
freely available in large quantities in coir industries the treat-
ig. 7. Effect of pH on removal of acid brilliant blue: adsorbent dose, 300 mg/5
n desorption of dye from dye-loaded adsorbent. Adsorbent dose, 300 mg/50 m

rom 97 to 91 for 30 mg/l dye concentration when the pH was
ncreased from 2 to 11.

.11. Desorption studies

To make the adsorption process more economical, it is nec-
ssary to regenerate the spent carbon and dye solution, which
an be further recycled. As the desorbing pH was increased, the
ercent removal increased slightly from 1.0 at pH 2 to 4.0 at pH
1 for the dye concentration of 10 and 30 mg/l. Very low des-
rption of dye suggests that chemisorption like surface complex
ormation might be the major mode of dye removal by the adsor-
ent. This is also substantiated by the significant adsorption of
he dye in the alkaline pH though electrostatic attraction does
ot favor the adsorption (Fig. 7).

.12. Effect of temperature

Increase of temperature increased the percent removal. The
hange in standard free energy, enthalpy and entropy of adsorp-
ion were calculated using the following equations:

G◦ = −RT ln Kc (16)

here R is gas constant and Kc is the equilibrium constant and
is the temperature in K.
According to van’t Hoff equation,

og10 Kc = �S◦

2.303
− �H◦

2.303RT
(17)

Positive values of �H◦ (48.02 kJ/mol) show the endothermic
ature of adsorption. The negative values of (−9.24, −9.66,
12.29 and −13.57 kJ/mol) �G◦ indicate the spontaneous
ature of adsorption for acid brilliant blue at 35, 40, 50 and 60 ◦C.
ntropy of activation can be regarded as a measure of the “sad-
le point of energy” over which reactant molecules must pass
s activated complexes. Thus, �S◦ conveys whether a particular

m
r
a
e

10 mg/l, agitation time 40 min; 20 mg/l, agitation time 60 min (B) Effect of pH
g/l, agitation time 40 min; 20 mg/l, agitation time 60 min.

eaction proceeds faster or slower than another individual reac-
ion [40]. The positive values of �S◦ (185.45 J/mol/K) suggest
he increased randomness at the solid/solution interface during
he adsorption of dye on coir pith carbon. Kinetic models also
pplied for temperature studies and it shows perfect linear curves
or acid brilliant blue at different temperature studies and the
quilibrium data obtained for all the kinetics are presented in
able 2.

. Conclusions

Having an excess of positive charge on their surfaces, acti-
ated carbon has a greater capacity to adsorb acid brilliant blue.
ith respect to the suitability of the first-order and second-order

inetic models for acid brilliant blue adsorption onto carbon,
t has been represented that the adsorption kinetics of acid
rilliant blue corresponding obey preferably the second-order
inetics which provide the best correlation of the data. How-
ver, the evidence is provided that the adsorption of dye onto
oir pith carbon is a complex process, so it cannot be adequately
escribed by a single kinetic model throughout the whole pro-
ess. In this manner, for instance, intraparticle diffusion played
significant role, but it was not the main rate-determining

tep during the adsorption. By comparing the correlation coef-
cients determined for each linear transformation of isotherm
nalysis, the Langmuir and Tempkin isotherm model, which
t the experimental data reasonably well, were found to pro-
ide the best prediction for the adsorption of acid brilliant blue.
he activation energy of adsorption can be evaluated with the
ent method seems to be economical. Based on the above good
esults this relatively cheap, low-cost material is recommended
s effective and cheap adsorbent for removal of dye from textile
ffluents.
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