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Abstract
Rice husk, as local agricultural waste, was modified by treating it with H2SO4 to obtain a low-cost and an effective
adsorbent. This adsorbent was investigated for the removal of basic violet 10 (BV) and basic yellow 28 (BY) dyes from aqueous
solutions via batch adsorption procedure. The experiments included the initial concentration of dye, contact time and
temperature. Langmuir, Freundlich, and Dubinin–Radushkevich models were studied to follow the adsorption process. The
results reveal that the Langmuir model showed a better fit to the equilibrium adsorption data and the adsorption kinetics fit the
pseudo-second-order model. Scanning electron microscopy (SEM) and Fourier-transform infrared spectroscopy (FTIR) were
used in the course of characterization. The intraparticle diffusion model via the mass transfer was applied to examine the
mechanisms of the rate-controlling step. It was found that intraparticle diffusion was mostly the rate controlling step in the
adsorption of BV dye only, while the thermodynamic parameters (ΔH˚, ΔS˚, and ΔG˚) showed that the adsorption process is a
typical chemical, spontaneous, and exothermic in nature.
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1.Introduction
Dyes and pigments are widely used in various
industries such as textiles, food, cosmetic, leather,
plastic and paper industries. Effluents resulted from
these industries are highly coloured [1] and discharged
into rivers. Generally, the coloured wastewater is
considered to be highly toxic to the aquatic system
causing certain hazards and environmental problem
such as cancer, skin irritation, dermatitis and allergy in
human body [2&3].
Basic violet 10 (BV) is one of the most important
water-soluble xanthenes class dyes, basic red cationic
dye which is a common water tracer fluorescent. It is
extensively being used in food industries as well as
textile dyeing industries including textile, cotton and
wool fabrics. However, cautions should be made while
using BV as it is harmful to humans. Exposure to BV
causes irritation of the gastrointestinal and the
respiratory tracts, eye burn and irritation to skin.
Accordingly, wastewater streams containing dye
effluents should be pre-treated before discharge into

the receiving water bodies [4]. Basic Yellow 28 (BY
28) is cationic dye, BY 28 is among the most
commonly used dyestuff to dye cotton, and thus it is
also considered one of the most common industrial
pollutants.
Activated carbon (AC) is commonly used as
adsorbent for the efficient removal of both organic and
inorganic pollutants. The intense worldwide
utilization of activated carbon is attributed to its
distinctive physical characteristics. For example, AC
was characterized by its considerable specific surface
area, porosity, pore volume and thus it possesses high
sorption capacity. However, its high cost is still a
major obstacle. Extensive studies have investigated
the possibility of utilization of low-cost materials like
coconut shell [5], corncobs [6,7], bamboo grass treated
with concentrated sulfuric acid [8], orange peel[9], tea
wastes [10], risk husk [11] and date stone and palm
tree waste [12] and rice hull [13].
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The traditional processes of removal of dyes from
wastewater include membrane technology, ion
exchange, coagulation [14], adsorption [15],
photocatalytic degradation [16], ozanation [17] and
biological processes [18].
In the present work, the adsorption characteristics
of basic violet 10 (BV) and basic yellow 28 (BY) dyes
were investigate using colloidal activated carbon as
adsorbent prepared from the treatment of rice husk
(RH) with concentrated sulfuric acid. This study
includes adsorbent characterization and the factors
influencing the adsorption such as the dye
concentration, temperature and contact time.
Langmuir, Freundlich and D-R equations were used to
determine the correlation between the isotherm
models and experimental data. Pseudo-first order,
pseudo-second order and intra-particle equations were
used to calculate the kinetic parameters and thus to
determine the adsorption mechanism.
2. Materials and Methods:
2.1. Adsorbents
Rice husk (RH) as a precursor material was
collected from local rice field. It was well washed with
distilled water for several times to remove all the dirt
particles and dried at 110°C for 24h. The dried
samples (50 gm) were soaked in different
concentrations of sulfuric acid 18.4M, 12M and 8M
for 24h, The samples were washed with distilled water
till pH becomes 5, then dried at 110°C for 24h. These
samples were designated as H1, H2 and H3,
respectively. The untreated rice husk was designated
as RRH.
In this study we investigate two
representative samples, H2 and RRH towards the
adsorption of both BV and BY dyes in addition to the
evaluation of their kinetic and thermodynamic
parameters. H2 sample was selected after the fast
checking of the adsorption capacity for the three acid
samples, and we found that although it posses the
moderate acid concentration yet it achieved the highest
efficiency for the removal of both dyes investigated.
2.2. Adsorbates
Synthetic dye solution of BV and BY were used as
sorbates in this study. Their structure, are illustrated in
Fig. (1).
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Fig.(1): structures of (a) BV and (b) BY.
BV and BY were used without further purification.
All dye powders used in this study were purchased
from sigma-Aldrich Ptc Ltd. (USA). Standard dye
solutions of 1000 mg/L were prepared as stock
solutions and subsequently diluted when necessary.
2.3. Adsorbents characterization
Nitrogen adsorption experiments at 77 K
were conducted to determine the specific surface area
of the test samples using BEL-Sorp, Microtrac Bel
Crop, Japan [19]. The samples were outgassed overnight at 180 °C prior to adsorption measurements. The
BET model was applied to fit the nitrogen adsorption
isotherms and evaluate the Brunauer-Emmett-Teller
surface area (SBET, m2/g), total pore volume (VP,
cm3/g) and average pore diameter (ŕ, Å) [20].
Fourier transform infrared spectroscopy
(FTIR) is an important tool to identify the
characteristic functional groups, which are
instrumental in adsorption of dyes. FTIR technique is
carried out by using KBr pellets (JASCO, FT-IR-460
plus).
Surface morphologies of the adsorbents (RRH and
H2) were identified using scanning Electron
Microscope (SEM) type JOEL JSM-6400 device at
magnification = 500.
2.4 Kinetics Studies
In the kinetic experiments, 0.5g of dry sorbent was
added to 100 ml of the aqueous dye solution (50, 100
and 200 ppm) at 30°C. The uptake of the adsorbate per
unit mass of the sorbent was followed over time by
withdrawing 1ml of sample at fixed time intervals to
determine the concentration at each time which
measured by
using Shimadzu model Uv-Vis
spectrophotometer at λ= 554 nm for BV and 418 nm
for BY. The amount of dye removed by adsorbent at
time t (qt) can be calculated by using the following
equation:
qt= (Co-Ct)V/m
(1)
where qt is the amount of dye adsorbed at time t
(mg/g), Co (mg/L) and Ct (mg/L) are the concentration
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in the solution at time t=0 and at time t respectively, V
is the volume of solution (L) and m is the weight of the
sorbent used (g).
It is normally assumed that the overall rate of
adsorption is exclusively controlled by the adsorption
rate of the solute on the surface of the adsorbent, and
the intra-particle diffusion and external mass transport
can be neglected. Moreover, it is considered that the
adsorption rate of a solute on the surface can be
represented in the same manner as the rate of a
chemical reaction [21]. The adsorption kinetics is
commonly modeled with the pseudo-first order [22]
and pseudo-second-order [23]. The equations of the
two kinetics models are represented as followed. The
pseudo first-order equation, describes the kinetics of
adsorption process
qt = qe [1 − exp(−k1t)]
(2)
where qe and qt are the amounts of the dye
adsorbed at equilibrium and at time t (mg/g),
respectively, and k1 is the pseudo-first-order rate
constant (min-1).
The pseudo-second-order model can be expressed
in the following equation:
(3)
where k2 is the pseudo-second-order rate constant
(g mg-1min-1).
The mechanism of the diffusion of dye molecules
during adsorption was studied by the intra-particle
diffusion model, which is expressed as:
(4)
where kid is the intra-particle diffusion rate
constant (mg/g min1/2).
If the adsorption mechanism follows the intraparticle diffusion process a plot of qt against t1/2 should
be a straight line with a slope kid and intercept C [24].
2.5 Batch adsorption Studies
Batch sorption techniques were done by shaking
0.2g of investigated adsorbed with 50ml aqueous dye
solution in 250ml Erlenmeyer flasks placed in a
temperature controlled shaking water bath at different
concentrations between 10-200 mg/L, temperatures
between 30 to 50°C at a constant shaking rate of 150
rpm. The amount of dye adsorbed qe can be calculated
by the following equation:
qe = (Co - Ce) V/m
(5)
where Ce is the concentration of dye at equilibrium.
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Three models were applied for the
equilibrium of RB and RY, the Langmuir, Freundlich
and Dubinin-Radushkevitch (D-R) models.
Langmuir Adsorption Isotherm describes
quantitatively the formation of a monolayer adsorbate
on the outer surface of the adsorbent, and after that no
further adsorption takes place. Thereby, the Langmuir
represents the equilibrium distribution of metal ions
between the solid and liquid phases [25]. The
Langmuir isotherm is valid for monolayer adsorption
onto a surface containing a finite number of identical
sites. The model assumes uniform energies of
adsorption onto the surface and no transmigration of
adsorbate in the plane of the surface. Based upon these
assumptions, Langmuir represented the following
equation:
(6)
Langmuir adsorption parameters were determined
by transforming the Langmuir equation (6) into linear
form.
(7)
Where qo is the maximum monolayer coverage
capacity (mg/g) and KL is the Langmuir isotherm
constant (L/mg).
The values of KL and qmax were computed from the
slope and intercept of the Langmuir plot of 1/qe versus
1/Ce [26].
Freundlich Adsorption Isotherm: This is
commonly used to describe the adsorption
characteristics for the heterogeneous surface [27].
These data often fit the empirical equation proposed
by Freundlich:
(8)
Where Kf is Freundlich isotherm constant (mg/g), n
is the adsorption intensity.
The linear form of equation 8 is:
(9)
The constant Kf is an approximate indicator
of adsorption capacity, while 1/n is a function of the
strength of adsorption in the adsorption process [28].
If n = 1 then the partition between the two phases are
independent of the concentration. If value of 1/n is
below one it indicates a normal adsorption. On the
other hand, 1/n being above one indicates cooperative
adsorption [29].
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E=
(12)
Where BDR is denoted as the isotherm constant.
Meanwhile, the parameter ε can be calculated as:
ε = RT ln
(13)
where R, T and Ce represent the gas constant (8.314
J/mol K), absolute temperature (K) and adsorbate
equilibrium concentration (mg/L), respectively. One
of the unique features of the Dubinin-Radushkevich
(DRK) isotherm model lies on the fact that it is
temperature-dependent, which when adsorption data
at different temperatures are plotted as a function of
logarithm of amount adsorbed (ln qe ) vs ε2 the square
of potential energy, all suitable data will lie on the
same curve, named as the characteristic curve [33].
The constant such as qs, and Kad were determined from
the appropriate plot using equation 11 above.
3. Results and Discussion:
3.1 Adsorbents characterization
Figure (2) shows the adsorption-desorption
isotherms of RRH and H2. Surface parameters of RRH
and H2 are listed in Table (1). The rice husk treated by
H2SO4 (H2), possesses higher porosity when
compared to that of the raw rice husk. This is due to
the removal of some inorganic species like silica and
carbonate at the adsorbent's surface. Similar
observations were reported in literature [34] where
modifications of adsorbents using sulfuric acid were
found to increase their specific surface area and
micropore areas.
________________________________________________
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Dubinin–Radushkevich isotherm is generally
applied to express the adsorption mechanism with a
Gaussian energy distribution onto a heterogeneous
surface [32]. The model has often successfully fitted
high solute activities and the intermediate range of
concentrations data well.
qe = qs exp(-Kad ε2)
(10)
The linear form
ln qe = ln qs - Kad ε2
(11)
Where qs is theoretical isotherm saturation capacity
(mg/g); Kad is the Dubinin–Radushkevich isotherm
constant (mol2/kJ2) and ε is Dubinin–Radushkevich
isotherm constant. The approach was usually applied
to distinguish the physical and chemical adsorption of
metal ions with its mean free energy, E per molecule
of adsorbate (for removing a molecule from its
location in the sorption space to the infinity) can be
computed by the relationship [31&32]:
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Fig. (2): the adsorption-desorption isotherms of
RRH and H2.
Table (1): Surface parameters of RRH and
H2
Adsorbent

H2
RRH

Vm
(cm3/g)

C

8.559
1.7103

33.308
5.6585

Mean
pore
radius
(nm)
2.91
4.16

Total
pore
volume
(cm3/g)
0.05448
0.01556

SBET
(m2/g)

37.40
7.47

In this study, FTIR technique is used as an
important tool to define the characteristic functional
groups on the adsorbent surface which are involved
thereafter in dyes adsorption process. The FTIR
spectra of RRH and H2 were used for the sake of
comparison to determine the changes in the vibrational
frequency of the functional groups on the adsorbent
surface before and after the acid treating process. It is
well-known that useful information about these
changes could be achieved through the FTIR
measurements [35]. The FTIR spectra of RRH and H2
samples are shown in Fig. 3. [35].

Fig.(3): FTIR spectra of RRH and H2.
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In the spectra of RRH sample,

the

characteristic peak at 3404.31 cm-1 is due to the

the raw material. Both SEM images are shown in Fig.
4 (a & b).

existence of free hydroxyl groups. In addition, the
peaks at the region (3100-2800 cm-1) are attributed to
the stretching of C-H bonds. Further, the C-H
stretching vibration peaks at 2925.81 cm-1 reveal the

The C=O stretching peaks around 1641.311737.74 cm-1 may be ascribed to the hemicelluloses
and lignin aromatic groups [36]. The peak between
1546.80-1652.88 cm-1 corresponds to C=C stretching
vibrations indicative of alkenes and aromatic
functional groups. The peaks around 1380 cm-1 refer
to CH3, while those at 1461.94 cm-1 denote the
existence of CH2 and CH3 groups [37]. A peak at
cm-1

ascribed

to

relatively organized without any pits or pores and still
intact, Fig. 3a. While for the sulfuric acid-treated
sample, as we can clearly see, Fig. 3b, there are many

presence of alkane functional group.

1379.01

For the raw rice husks (RRH), the surface is

carboxyl-carbonate

structures and the aromatic CH. The peaks between

pits, pores and cracks indicating the aggressive attach
of this strong acid with the botanical structure of the
raw material during the impregnation. Those pores and
cracks might result from both the oxidation and the
dehydration processes that can be expected to occur
for the lignocellulosic material as a consequence of the
severe interaction of the chemical reagent with the
husks during impregnation [38,39]. These findings
were confirmed in their surface chemistry by FTIR and
by their surface area studies as discussed before.

1153.35 and 1300 cm-1 correspond to vibration of CO
group in lactones. The peaks around 862.12- 476.38,
1080.06 and 1238.21cm-1, correspond to Si-H, Si-O-Si
stretching and CHOH stretching groups, respectively.
The polar groups on the surface are likely to provide a
considerable

cation

exchange

capacity to

the

adsorbent [37].
n H2 spectra, the intensity of free hydroxyl groups and
C-H bonds at 3404.31 and 3100-2800 cm-1,
respectively decreases and the intensity of Si-H groups
at 862.12 cm-1 increases. This is related to protonation
by sulfuric acid. Also, the peak at 1238.21 cm-1
becomes broader than RRH confirming the presence
of the CHOH group with high content. The previous
results confirm that the change in functional groups on
the surface of adsorbent affects the dye sorption.
Scanning electron microscopic analysis
(SEM) for RRH and H2 samples were selected as two
representative samples for the sake of comparison and
to identify the impact of sulfuric acid on the surface of

________________________________________________
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Fig. (4) SEM images for the surfaces of (a) RRH
and (b) H2 samples at x = 500 magnification.
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The pseudo-first and the pseudo-second order

3.2 Adsorption Kinetics:
Figure (5) illustrates the influence of contact
time on adsorption behavior of BV and BY dyes by

parameters of both BV and RY on H2 and their
correlation coefficient R2 are listed in Table (2).
Table (2) reveals that the values of R2

modified RH (H2) at different dyes concentrations.
The rate of BV and BY removal was very rapid during
the 30 min and 20 min, respectively and thereafter, it
remained constant. No significant increase is shown in
adsorption after about 60 min as in Fig. 5 (a,b). The
rate of dye adsorption increases with the increasing of
dye concentration and the adsorption rate of BV is
higher than the rate of BY.

obtained from the pseudo-second order model are
greater than that of the 1storder. So, the adsorption of
BV and BY by H2 follows pseudo-second order
kinetics.
Fig. 6 shows the relation between qt versus
1/2

t

for the sorption of BV and BY on H2 at 30°C. As

can be shown from Fig. 6, the plots of qt against t1/2
consist of initial curved portions which referred to
boundary layer effects and linear portions referred to
intraparticle effects. Additionally, the linear portion
does not cross the origin, indicating the contribution of
different mechanisms other than intraparticle diffusion
in controlling dye sorption. The Intraparticle diffusion
parameters are listed in Table (2). Adsorption of BV
dye resulted in a considerable increase in kid than and
of BY.

Fig. (5) Effect of contact time on
adsorption of (a) BV and (b) BY dyes onto H2 at
different dyes concentrations
The initial high rates of removal are due to the existence
of a large number of vacant active binding sites in H2.
These active sites promote large amounts of dye species
to bound rapidly onto H2 surfaces. The number of
binding sites then shortly becomes limited causing
difficulty for the remaining vacant surface sites to be
occupied by cationic ions. This is due to the repulsive
forces between the positive ions on the solid surface and
the liquid phase [40-42]. Consequently, the driving force
of mass transfer between the liquid and solid phase in an
aqueous adsorption system decreases with time elapse.
________________________________________________
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Table (2): The pseudo-first, pseudo-second order and the intraparticle diffusion parameters of BV
and (b) BY on H2

Pseudo-first order

Concentration

Dye

(ppm)
R

2

k1

qo (mg/g)

0.777

0.028

10.54

50

0.707

0.031

10.68

100

0.913

0.028

16.43

200

0.78

0.028

10.54

50

0.71

0.031

10.68

100

0.91

0.028

16.43

200

BV

BY

Pseudo- second order
R2

k2

qs

0.99

0.0053

19.61

50

0.99

0.0059

22.22

100

0.99

0.0042

28.57

200

0.90

0.002

25.34

50

0.894

0.020

14.78

100

0.894

0.001

12.231

200

BV

BY

Intraparticle diffusion parameters
R2

C

kid

0.970

0.013

2.809

50

0.976

1.545

2.946

100

0.997

2.488

3.672

200

0.663

6.719

0.159

50

0.714

9.306

0.156

100

0.855

10.550

0.229

200

R2 values indicate the appropriateness of the
application of this model on BV adsorption only.
________________________________________________
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BV

BY

Fig.(6): Intraparticle diffusion isotherms of
adsorption of (a) BV and (b) BY dye onto H2.

154
Ghada M. Mohamed et.al.
_____________________________________________________________________________________________________________

3.3. The effect of initial concentration on the

Fig. 7b shows the impact of initial BY dye

removal of BV dyes:

concentration on the equilibrium adsorption capacity

The influence of initial BV dye concentration on the

on adsorbate (H2).

sorption equilibrium capacity of all adsorbents (RRH,

The Langmuir, Freundlich and D-R parameters with

H1, H2 and H3) is shown in Fig. 7a. Fig. 7a shows that

correlation coefficient for BV and BY on H2 are listed

the amount of BV dye adsorbed onto RRH, H1, H2

in Table (3).

and H3 increases with increasing the initial dye

It is apparent that the H2 sorbent adsorbed BV dye

concentration using a similar fixed amount of

especially but showed a very low affinity for BY dye

adsorbents. This is in accordance with the fact "the

in dye solutions. These can be explained in terms of

higher the dye concentration is, the stronger the

the dissociation of dyes in their aqueous solutions into

driving force of the concentration gradient thus the

charged species. The BV dye molecules dissociate into

higher the adsorption capacity”. Also, H2 adsorbent

positively charged components and Cl- ions. However,

gives the highest adsorption capacity. This is

BY dissociate into positively charged components and

attributed to the increase of active sites on sorbent as

negatively charged moieties containing sulphonate (

mentioned

in

FTIR

spectra.

Therefore,

all

experimental are carried out using adsorbent H2.

) groups. The potential of H2 sorbent to sorb
charged species positively is attributed to the presence
of binding sites such as hydroxyl and carboxyl groups
on the surface as mentioned before [43,44]. The low
affinity of H2 sorbent for BY dye is due to the
coulombic repulsion between the negatively charged
surface of H2 sorbent and sulphonate groups of the dye
molecules [45,46] as a result the amount adsorption
decreases.
Inspection to Table (3), both Langmuir and
Freundlich models are fit to dyes adsorption. By
comparing the values of calculated qmcal with
experimental qmexp obtained from these models,
experimental qmexp values are well-correlated with
those calculated from Langmuir model. This indicates
that Langmuir model fits better with the experimental
data.
Fig. 8 shows the effect of temperatures on the
adsorption of BV and BY onto H2 where the amount

Fig.(7): Equilibrium curve for the sorption of (a)

adsorbed decreases by the increase of temperature

BV dye onto R, H1, H2 and H3 and (b) BY on H2.

from 303K to 323K, i.e. the adsorption of dyes on H2
is an exothermic process.

________________________________________________
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Fig. (9): Plot of ln k2 vs 1/T.

Table (3): Langmuir, Freundlich and R-D
parameters with correlation coefficient for BV
and BY adsorption on H2:
Langmuir
parameters
R

2

Dye

b

qm

Fig.(8): Thermodynamic isotherms of adsorption
of (a) BV and (b) BY dyes onto H2 at different
temperatures.

The thermodynamic parameters of the adsorption
processes were determined by applying equations (14
and 15) [47].
Go = - RT ln K

(K)
0.973

0.285

45.455

303

0.975

0.203

34.483

313

0.994

0.115

13.889

323

0.969
0.978
0.993

0.161
1.968
0.219
1.150
0.069
0.0672
Freundlich

303
313
323

(14)

Where G is the change in free energy (g/mol), R is

Temp.

BV

BY

parameters

o

the universal

gas constant (8.314 J/mol), T is

the absolute temperature (K) and K is the adsorption
equilibrium

constant

obtained

from

R

2

5.208

20.450

BV

0.982

7.576

1.180

BY

Langmuir

The effect of temperature on the equilibrium
constant is determined as follows:
(15)
Where (Ho) in this equation is the change in
enthalpy in (J/mol) and So is the change in the
entropy (J/mol). Ho and So were calculated from the
slope and intercept of the van't Hoff plots of ln K

kf

0.976

D-R

isotherms at 303, 313 and 323K in Table (3).

ln K =

n

parameters
R2

kdr

0.816

0.001

37.599

BV

0.787

115.7

1.886

BY

qm

The negative values of Go show that the dye
adsorption onto H2 is a spontaneous and an
endothermic process. The negative value of So
connotes that both enthalpy and entropy are responsible

against 1/T respectively, as shown in Fig. (9). All data

for making Go negative, so that the adsorption is

are listed in Table (4) with coefficient constant.

a spontaneous

process,

though

the

enthalpy

contribution is much greater than that of the entropy.
________________________________________________
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The negative value of Go denotes that the randomness
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