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Many methods can be used to remove dyes from
waste waters such as coagulation, membrane
separation
process,
electrochemical,
chemical
oxidation, reverse osmosis, aerobic and anaerobic
microbial degradation but these methods have
restriction and therefore are not successful for
removing the colors completely from waste water [2].
Among all these methods,
Adsorption is preferred due to its low cost and high
treatment efficiency [3]. In a good number of
adsorption processes, activated carbon is used as
adsorbents, but adsorption by commercial activated
carbon has some restrictions such as the cost of the
activated carbon, the need for regenerations after
exhausting and loss of adsorption efficiency after
regeneration [4]. In the light of the above, attention of
researches has been redirected to low cost alternative
adsorbents from agriculture waste [5], [6].
The opportunity offered by agriculture material like
Usoro activated carbon fiber is novel and has since
engaged the attention of researches as a better
adsorbent than granular activated carbons. Activated
carbon fibers have micropores, which are directly
accessible from the external surface of the fiber. The
implication is that adsorption molecules reach
adsorption sites through micropores without the
additional diffusion resistance of macropores which is
usually considered the rate controlling step in the case
of granular adsorbents [7].

Abstract- This paper presents the feasibility of removal of
MB dye from aqueous solution using activated carbon
prepared from Usoro fiber (Adenia lobata). FTIR analysis
revealed that many functional groups were present on the
surface of the adsorbent. The adsorption Kinetics was
analyzed by pseudo first order, pseudo second order and
intra particle diffusion kinetics models. Results showed that
MB adsorption followed the pseudo first order and intraparticle diffusion models appropriately. Isotherm data were
treated according to Langmuir and Freundlich models. The
result showed that both models fitted the data reasonably
but Langmuir isotherm model fitted better in the
temperature ranges studied. The thermodynamic
parameters, such as Gibb’s free energy change, standard
enthalpy change, and standard entropy change were
evaluated. The negative values of Gibb’s free energy
confirmed the feasibility and spontaneity of the adsorption
process. The study confirmed the process to be endothermic
at lower initial concentrations and exothermic at higher
initial concentrations studied.
Index Terms - Adsorption,
Thermodynamics, Usoro fiber.
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I. INTRODUCTION
Most countries of the world clamour for industrial
development. This quest for sustainable industrial
development has its own attendant problems. While the
government is head over heels in promoting industrial
development in all the fields of the economy, little
attention is however paid to the consequences of such
full-scale
industrialization
like
environmental
pollution. Waste water from textile, cosmetics,
printing, and pepper making industries are discharged
to the environment and this indeed , cause serious
environmental problems principally because of their
carcinogenic and toxic effects on living things. These
colored compounds are not only aesthetically
displeasing but also inhibiting sun light penetration
into the stream and effecting aquatic ecosystem.
Dyes usually have complex aromatic, molecular
structures which make them more stable and difficult
to comprehensively biodegrade. High concentration of
such dyes causes many water borne diseases and
increase the BOD of receiving waters [1]. Consequent
of the above, waste water from dying industries needs
to be treated before discharging into the water bodies

II. MATERIALS AND METHODS
A. Pre - processing of the natural fiber
The fibers were sourced locally from Ebonyi State
of Nigeria and were cut into definite smaller sizes,
washed and then carefully sorted out to remove every
debris and contaminants. It was dried under the sun
and packed inside a polythene bag ready for further
analysis.
B. Preparation of the fiber activated carbon.
The fibers were washed thoroughly first with
distilled water to remove dust particles and then dried
at a temperature of 1000c.The samples were then cut to
obtain a uniform size of about 100cm. The preparation
was divided into three(s) stages
 Base leaching
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qe(mg/g) was calculated from the following equation
 Activation
(1).
 Acid washing
First, the fiber was leached with a 0.5M NaOH
(1)
solution and then boiled in a glass round-bottomed
flask at 1000C for 1hr. The base solution was drained
F. Adsorption Kinetic Model
and the remaining solid was washed with distilled
The kinetic experiments were performed using a
water to remove the base. This process reduced the pH
procedure similar to the equilibrium studies. 50mls of
level to about 7.0, which is neutral. The materials were
known concentration of MB was mixed with 0.02g of
0
then dried at 105 c for 24hrs.
the adsorbent in a flask. Then, the flask was agitated in
Secondary, Zncl2 was used as activating agents. A
an isothermal shaker for a contact time varied in the
known mass of activating agent was mixed with
range of 0- 120mins at a speed of 200rpm under room
distilled water, and the fibers were then impregnated in
temperature. The adsorbent was separated from the
the acidic solution. The impregnated samples were
solution by centrifugation and the filtrate was analyzed
then dried in a sand-bath at high temperature, to
by the same procedure as batch equilibrium studies.
remove any residual water and then oven-dried for the
The amount of MB adsorbed at each time interval per
next 24hrs. A weighed amount of the impregnated
unit mass of the adsorbent, qt (mg/g), was calculated
sample was then placed in a fixed bed reactor made of
by equation 2:
quartz. The reactor was inserted into an electric furnace
(2)
at a reaction temperature of 4000c and the reaction
continued for the next 1hr. The activated carbon were
subsequently removed from the furnace and cooled at
Where Co (mg/L) is initial MB solution, Ct (mg/L) is
room temperature.
its concentration at time t, V (L) is the volume of the
After activating the sample, 3M Hydrogen chloride
solution and W (g) is the mass of the adsorbent.
(HCL) was used to remove the zinc compound. The
activating agents and carbon mixtures were refluxed
III.
RESULTS AND DISCUSSIONS
with hot acidic solution for 1hr. The remaining solid
A. FTIR Analysis
was then washed with distilled water until
The FTIR spectra was obtained to evaluate
neutralization was achieved. The washed sample were
qualitatively
the chemical structure of the activated
dried at 1050C for 24hrs and then ground very well to
carbon. The spectra is shown in fig.1 and was recorded
form a good porous carbon powder.
at a wavelenghth of 600-4000nm. Many sharp and
obvious peaks were found, along side with relatively
low intensity ones. The functional groups on the
adsorbent surfaces were identified by eveluating the
spectra using available literature [8], [9], [10], [11],
[12]. The
absorption peaks at 3830.43354 to
3335.8564cm-1 are the stretching of the O-H bond of
hydroxyl group and NH2 primary group. The peaks
between 2977.43995 and 2806.77927cm-1 of C-H
streching described the presence of –CH and ≡ CH
groups presents in the lignin structure of the fiber. The
peaks at 2279.44615 can be attributed to C꞊C
stretching of –COOH groups. The peak at
1701.50914cm-1 is due to C꞊O stretching vibration
attributed to the presence of carboxyl group on the
surface of the adsorbent. The olefinic C꞊C stretching
vibration adsorption caused the band at about
1622.08175cm-1 while skeletal C꞊C vibration in
aromatic rings caused another band at about
1445.92353cm-1. The bands at 1283.00922 and
1075.29014cm-1 can be assigned to C-O stretching
vibrations in alcohols, phenols or ether ester groups.
The C-H out of plane bending vibrations in benzene
derivatives caused the bands at 816.412717cm-1.
Finally, the band caused by O-H out of plane
bending vibration is located at 609cm-1. The numerous
and varieties of functional groups present in the

C. Preparation of Methylene Blue Solution
Double distilled water supplied by Pymotech
Research Center and laboratories Abakpa, Enugu State
of Nigeria was used for the preparation of the
solutions. A 1000mg/l stock solution was prepared and
from there, necessary dilutions were made to obtain the
desired concentrations.
D. Characterization of Activated Carbon
The surface functional groups and structure were
studied by Fourier transform infrared spectroscopy
[Buck 530 IR]. The FTIR spectra of the activated
carbon was scanned at a wavelength of 600–4000nm to
obtain its spectra lines.
E. Adsorption Isotherm
Batch isotherm studies were carried out in 250ml
conical flask at different temperature of 303K, 313K,
323K and 343K on an Isothermal shaker for 6 hours to
ensure equilibrium. 0.02g of the adsorbent was mixed
with 50ml of 30mg/l, 50mg/l, 80mg/l and 110mg/l of
the solution at different pH of 10. At the end of
equilibrium time of 6 hours, the reaction mixture was
centrifuged and the residual MB concentration
analyzed. The amount of MB adsorbent at equilibrium
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adsorbent contributed immensely to its massive
Where;
adsorption activites for the methylene blue dye.
K2 = the rate constant of the pseudo-second-order
model (g/mg/min).

Fig. 1. FTIR of the activated carbon.

B. Batch adsorption kinetics studies
In order to analyze the controlling mechanism of the
adsorption of methylene blue dye onto the activated
carbon fiber, a pseudo- first order equation, pseudo
second-order equation and intra particle model were
used to fit the adsorption data.
Pseudo-first- order model
The pseudo-first-order equation is written as follows
ln
(qe-qt)
=
ln
q ek1t
(3)
K1 = the rate constant of the pseudo-first-order
adsorption.
qt and qe = the adsorbed amount at time t and at
equilibrium(mg/g).
Values of the quantities k1 and qe were obtained from
the slope and the intercept of the plot of the graph of ln
(qe-qt) versus t.
The linear pseudo-first–order plots, for the adsorption
of methylene blue dye, onto the activated carbon fiber
were used to determine the k1and qe. From the value of
its R2 = 0.7053, first- order kinetics fits this study
better and more preferably when compared to the
second-order-kinetics.
Pseudo- second-order kinetics
The pseudo second order equation, which is an
extension of the first-order equation, is written as;
=

+

(4)
Fig. 2. Kinetic model plots
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The slope and the intercept of the plots of the graph
equilibrium state. The analysis of the isotherm data by
fitting them to different isotherm models is an
of
versus t were obtained to calculate k2 and qe. The
important step to finding the suitable model that can be
R2 value of the second- order kinetics (R2 = 0.659) was
used for design purposes. Adsorption isotherm is
not closer to 1.0 as compared to that of first-orderbasically important and very critical in optimizing the
kinetics.
use of adsorbents.
Intraparticle diffusion model
The applicability of the isotherm equation to
describe the adsorption process was judged by the
The mechanism of adsorption of the methylene blue
correlations coefficients, R2 and RL Values as the case
dye onto the adsorbent is assumed to involve three
may be.
steps, one or more of which can control the whole
The Langmuir isotherm
adsorption rate. The three steps are [13];
Langmuir isotherm assumes monolayer adsorption
 Mass transfer across the boundary film to the
onto a surface containing a finite number of adsorption
surface of the particle.
sites of uniform strategies of adsorption with no
 Mass transfer from the exterior surface of the
transmigration of adsorbate in the plane [15]. The
particle to the interior pores via a pore
linear form of Langmuir isotherm equation is given as:
diffusion
or
intra-particle
diffusion
Ce/qe = 1/Qob + 1/Qo Ce
(6)
mechanism and.
 Diffusion of the adsorbate molecules to active
Where:
sites either by a pore diffusion process or by a
Ce = the equilibrium concentration of the adsorbate
solid surface diffusion mechanism.
(mg/l)
The intra-particle diffusion model can be represented
Qe = the amount of adsorbate adsorbed per unit mass
by the equation.
of adsorbent (mg/l)
Qo and b are Langmuir constants related to
qt = kp t 0.5 + ci
(5)
adsorption capacity and the rate of adsorption
respectively.
Where;
When ce/qe is plotted against ce, a straight line graph
with slope of 1/Qo is obtained. The Langmuir
qt = the adsorption capacity at time t (mg/g)
constants b and Qo were calculated using the slope
kp = the intra-particle rate constant (mg/gmin0.5)
and intercept from the graph.
The essential characteristics of the Langmuir
ci = constant related to the thickness of the boundary
isotherm can be expressed in terms of a
layer.
dimensionless equilibrium parameter (RL)
The parameter is defined by:
The graph of qt versus t0.5 gave kp as the slope and ci,
(7)
the intra-particle diffusion model constant as the
Where:
intercept.
b = the Langmuir constant
As shown by the graph, the straight line didn’t pass
Co = The highest initial methylene blue dye
through the origin. This behavior indicated that more
concentration.
than one process affects the adsorption but only one is
The value of RL indicates the type of the Isotherm to
the rate limiting within a particular time range [14].
be either ;
Had it been that the plot passed through the origin,
Unfavorable = (RL>1)
then, intra-particle diffusion will be the sole rate
Linear =
(RL = 1)
limiting step. Therefore, for this study the intra-particle
Favorable
=
(0< RL<1)
diffusion is not the only rate controlling step.
2
Irreversible
=
(RL = 0)
Equally, its R value of 0.9876, which is the closet to
Equally,
the
regression
coefficient, R2 was used to
1.0 further confirm that it fits this study well.
further analyze and determine the suitability and
conformity of the Isotherms. The closeness of the R2
C. Isotherm equilibrium studies
Values to 1.0 determines its level of fit.
Langmuir isotherm and Freundlich Isotherm models
The RL values and the R2 values of the Langmuir
were used to analyze the experimental data. The
Isotherm at the 3 different temperatures are as shown
adsorption isotherm indicates how the adsorption
in table 2. From the results shown, Langmuir Isotherm
molecules distribute between the liquid phase and the
at 400c gave the best fit amongst the three temperatures
solid phase when the adsorption process reaches an
levels studied. This is basically owing to the fact that
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its R2 value was the closest to 1.0. Equally, the R L
in Langmuir equation varies as a function of the
values of the three temperatures were less than 1,
surface coverage. The well known logarithmic form of
confirming the adsorption as favorable.
the freundlich isotherm is given by the equation;
logqe = log kF + ( log Ce
(8)
Where
Ce = the equilibrium concentration of the adsorbate
(mg/l).
qe = the amount of adsorbate adsorbed per unit mass
of adsorbent (mg/g). kf and n are freundlich constants
with n giving an indication of the favorability of the
adsorption process. KF is the adsorption capacity of the
adsorbent which can be defined as the adsorption or
distribution coefficient and represents the quantity of
methylene blue dye adsorbed onto the activated carbon
fiber for a unit equilibrium concentration.
Table 2. Isotherm Parameters
Temperat
ure

Langmuir constants

Freundlich constants

(oC)

b

RL

R2

1/n

R2

30

55.6

0.0004

0.8178

-0.079

-12.5

0.9186

40

11.9

0.002

0.9439

-0.722

-1.4

0.8951

50

9

0.002

0.3093

0.7521

1.3

0.4017

n

Table 3. Thermodynamic Parameters
ΔH X10-7

Concentr
ations
(mg/l)

30oC

10

ΔG X10-7

2.7

40o
C
2.8

50o
C
2.9

30o
C
2.7

40o
C
2.8

50o
C
2.9

30

-1.5

-1.6

1.6

1.5

1.6

-1.6

50

-0.8

-0.8

0.9

0.8

0.8

0.9

The freundlich isotherm is determined by plotting
the graph of ln qe against ln ce. KF and n are determined
from the intercept and slope respectively. The value of
ranging between 0 and 1 is a measure of the
adsorption intensity or surface heterogeneity,
becoming more heterogeneous as its value get closer to
zero [16]. A value for below one indicates a normal
Langmuir isotherm model while
Fig. 3. Isotherm plots

above one is

indicative of cooperative adsorption, and n>1
represents favourable adsorption condition. From the
freundlich parameters listed in table 2, the values of
1/n for all the temperatures studied were less than 1,
indicating normal langmuir isotherm model.

Freundlich isotherm
Freundlich isotherm, in other hand assumes
heterogeneous surface energy in which the energy term
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D. Thermodynamics studies
Ho from table 3 showed that the nature of adsorption
Thermodynamics
parameters
are
extremely
is physical
important for determining the spontaneity of an
adsorption Process. The standard free energy change
(G), standard enthalpy change (H), and standard
entropy change (S) are associated with the
adsorption process. The parameters were calculated
from the following equation [17].
ke = =
(9)
G=H- TS =- RT In kc
ln kc = - (

(10)

+

(11)

Where kC= the equilibrium constant
ce = Equilibrium concentration of the methylene blue
dye in the solution (mg/l)
R =Universal gas constant (8.314 J/mo/k)
T = absolute temperature
The values of S and H were obtained from the
slope and intercept of the graph of ln kc versus 1/T
.This was done at the three initial concentration values
of 10, 30 and 50 (mg/l) and the results are shown in
table3.
From these
values generated
from the
thermodynamics study, the negative value of G for
all the initial concentration values indicates the
spontaneity and feasibility of the absorption of
methylene blue dye onto the activated carbon fiber
under experimental conditions; it equally indicates a
physical adsorption process [18]. The positive value of
S at lower concentrations shows that an increase in
randomness occurs at the interface during the sorption
process. H was positive at 10mg/l initial
concentration signifying endothermic reaction but was
negative at 30 and 50mg/l initial concentrations
thereby signifying exothermic in nature. This
development may be linked to among other things the
variation in the concentrations. As one can say, that
10mg/l initial concentration was not enough to
generate the required driving force needed for mass
transfer to take place, thus, required additional driving
force from temperature. At higher concentration of 30
and 50mg/l, there was enough driving force needed for
the mass transfer to take place, thus increase in
temperature had little effect.
The nature of the
adsorption process was equally confirmed by the
magnitude of the Ho values. It is accepted that if
magnitude of enthalpy change is less than 84Kj/mol,
adsorption is physical, however, chemisorptions takes
place from 84 to 420Kj/mol. The range of values of

Fig .4. Thermodynamic plot
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IV. CONCLUSIONS
The present study confirmed that activated
carbon prepared from the Usoro (Adenia
lobata) fiber is a promising adsorbent for the
removal of methylene blue dye from aqueous
solution.
The Langmuir isotherm model at 400c gave
the best fit amongst the temperature levels
selected for this study. Thereby, signifying a
monolayer adsorption.
The adsorption capacity decreased with
increase in temperature at a higher initial
concentration and increased with increase in
temperature at lower initial concentration.
For the adsorption kinetics study, the pseudofirst-order kinetics favored this study.
The positive S0 value showed the increased
randomness of the process.
The negative value of G0 indicated the
feasibility and the spontaneous nature of the
adsorption of methylene blue dye onto the
prepared activated carbon fiber.
Considering the optimum thermodynamic
value that gave the best fit, the negative value
of H0 Confirmed the exothermic nature of
the adsorption interaction.
The intra-particle diffusion kinetics studies
confirmed that it is not the only rate limiting
step.
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for the model anionic dye reactive brilliant red K-2BP”
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