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Barely straw as a low-value agriculture by-product can be converted to sorbent materials
which can be used for dyes removal. The removal of the basic dye (Methylene blue) from an
aqueous solution has been studied by adsorption onto a lew cost agricultural residue
(barley straw). The thermal pretreatments were carried out in order to delignify, or to
increase the surface area of the sorbents, and to study their effect on the rate and effective
adsorption of dyes. The effect of experimental parameters; dye concentration, contact time,
time of carbonization, and adsorbent particle size were studied. Optimum adsorption
capacity of dye was achieved with samples treated at 200°C for 1/2 hr. Maximum dye was
sequestered within 30 min after the beginning for every experiment. The equilibrium data
were analyzed using the Freundlish isotherm model for raw and thermally activated barely
straw. The equilibrium process described well by the Freundlish isotherm model; for Barley
straw at 500 °C heating temperature. Two simplified kinetics models including Pseudo-first-
order and second-order equation were selected to follow the adsorption processes and
intraparticle diffusion kinetic models. The kinetic parameters of this best-fit model were
calculated and discussed. The adsorption of methylene blue fit the Lagergren equation well.
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1. Introduction

Environmental policy in the UK, since
1997, has required that zero synthetic
chemicals should be released into the marine
environment. This legislation is in line with
similar - EU measures affecting all member
states [1]. The effluents from textile, leather,
food processing, cosmetics, paper and dye
manufacturing industries are important
sources of dye pollution [2]. Many dyes and
their break down products are toxic for living

organisms [3], therefore, decolorization of dyes
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is an important aspect of waste water
treatment before discharge. Generally biologic
aerobic waste water systems are not
successful for decolorization of majority of
dyes [3], and thus color removal was
extensively studied with physco-chemical
methods such as coagulation, ultra-filtration,
electro-chemical adsorption, and photo
oxidation [3,4]. Other methods for removing
dyes from waste water include flocculation,

electroflotaion, precipitation, electrokinetic

coagulation, ion exchange, memberane

filtration, electrochemical destruction,
761



A. Ameret al. / Study of the removal of basic dye on raw and pretreated barle

irradiation and ozonation. Among these
methods, adsorption is widely used for dye
removal from waste water [4, 5].

Adsorption technology has been used
extensively in industrial processes for many
purposes of separation and purification. The
removal of colored and colorless organic
pollutants from industrial wastewater is
considered as an important application of
adsorption process using suitable adsorbents
[6]. Highly functional porous materials with
high surface areas are generally used for such
applications as they show excellent efficiency
[7]. Granular and powder activated carbon are
commonly used for dye removal [8-9].
However, they are expensive and the
regeneration or disposal of them has several
problems. Thus the removal of dyes from
waste waters using several low cost and
biodegradable adsorbents has been studied by
many researchers such as rice husk [10],
bentonite clay [11], waste orange peel [12],
bamboo dust, and coconut shell [3].

Egypt produces 47 million tons of

agricultural waste annually which include rice
husk, rice straw, bagasse, cotton waste, and
barley straw. Burning of this waste releases
large quantities of smoke, ash and carbon
dioxide into the air with detrimental
environmental effects.
The objective of the present work is study the
adsorption of basic dye (Methylene blue) from
aqueous solution onto raw barley straw (BS)
and also onto thermally activated barely straw
(TABS) at different temperatures; and the
effects of TABS particle size , solution pH were
also investigated and isotherm analysis was
carroed out. The kinetics of adsorption was
fitted by conventional models, and the
mechanism of adsorption was explained in
terms of the pore-diffusion model.

2. Materials and methods
2.1. Barely straw

Sun dried BS was obtained from EIl-
Beheyra farms. It was crushed in willey mill to
different particle sizes. BS was studied as raw
material for its morphology [13] and also it
was treated to carbonize the straw by heating
at 200, 300, 400, and 500°C for 0.5, 1, 2, and

3 hours . The carbonization was carried out in
a closed stainless steel tube with length of
12.5 cm and inner diameter 2.5 cm, the tube
had a hole in the top for venting gases
produced during carbonization.

2.2. Methylene blue

Methylene blue (Ci16H18N3SCL.3H20) from
NICE chemicals pvt. ltd company, was used
without further purification. Methylene blue
(MB) was dried at 110°C for 2 hr before use.
The stock solution of 1000 mg/1 was prepared
by dissolving 1.00 g of MB in 1000 ml distilled
water. The experimental solutions with
different concentrations were prepared by
diluting the stock solution with distilled water.

2.3 Adsorption kinetic experiments

Kinetic adsorption experiments were
carried out to study the effect of time on
adsorption process. Batch adsorption
experiments were carried out by shaking
constant mass (100 mg) of 2000-1000 pm
particle size of raw or carbonized barley straw
with a constant volume (50 ml) of MB solution
of increasing initial dye concentration from (5-
25 mg/]) to maintain constant mass to volume
ratio. The pH of the solution was adjusted to
the required value by adding either NaOH or
HCI1 solutions. The samples were placed on a
rotary shaker operated at 150 rpm and
thermostatically controlled at (25t1) °C. The
dye concentration was analyzed using UV/VIS
spectrophotometer (Ultrospec 2000 -
Pharmacia Biotech), the sample was separated
by decantation. All the measurements were
made at wave length corresponding to the
maximum absorbance of 655 nm. The dye
removal percentage can be calculated as
follows:

M 100 . (1)
Co

Removal percentage=

where Cp and C. (mg/l) are the liquid-phase
concentrations of dye at initial and equilib-
rium, respectively.

The effect of contact time was investigated
for 30, 60, 90, 120, 150, and 180 min at room
temperature, 100 mg of adsorbent dosage, for
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different initial concentrations of dye and 0.5
hr carbonization time. Also in these
experiments, different MB concentrations were
used in conjunction with samples at 25+1 °C
in the presence of 100 mg of BS samples. The
adsorption time was held constant at 30 min,
at a constant methylene blue concentration 5
mg/1 for different carbonization time of TABS
samples between 30-180 min. Different
particle sizes (250, 500, 1000, and 2000 pm)
of adsorbent were used at a constant MB
concentration, 5 mg/l, contact time of 0.5 hr
and carbonization temperature 200 °C for 30
min, at temperature (25+1) °C were studied.

2.4. Equilibrium studies

Adsorption experiments were carried out
with same conditions mentioned before, the
beakers were placed for 7 days to ensure
equilibrium was reached, the amount of
adsorption at different time t , g (mg/g), was
calculated by:

- (Co — Ct )V

e (2)

qt
where Cp and C: (mg/l) is the liquid-phase
concentrations of dye at any time.,
respectively. Vis the volume of the solution (I)
and Wis the mass of dry sorbent used (g).

3. Results and discussion

3.1. Effect of contact time on different dye
concentration

Fig. 1-a shows the effect of contact time on
MB adsorption onto BS and TABS with initial

concentration 5 mg/l, on the first 60 min high
percentage (nearly 70 %) of dye was removed
from the solution and the percentage removal
increase slowly with increasing the contact
time. After 180 min, some values seemed to be
constant and the others need more time to be
constant. For different concentrations 10, 15,
20, and 25 mg/l fig. 1-b-e shows that with
increasing the value of dye concentration the
raw and carbonized barley straw at 200 °C
have higher adsorption of dye. This indicates
that the high carbonization temperature for
straw have low affinity to work with high
initial dye concentration this can be due to the
fact that deformation occurring in structure
which make it unable to load high
concentration of dye on it, while in case of
carbonization at 200 °C according to study the
effect of heating on the structure of straw with
TGA and SEM [13], part of the lignin is
decomposed leaving wide pores and suitable
voids which accommodate the dye molecules.
Also the figs 1-b-e show that with increasing
dye concentration the dye removal percentage
for raw and 200 °C carbonized straw
decreased at contact time of 0.5 hr, the actual
amount of dye adsorbed per unit mass of
adsorbent increased with increase of initial
dye concentration in the test solution . This
may be attributed to the fact that the process
of dye adsorption, initially dye molecules have
to first encounter the boundary layer effect
and then they have to diffuse from boundary
layer film onto adsorbent surface and finally,
they have to diffuse into the porous structure
of the adsorbent so with increasing dye
concentration the pores are blocked with dye
and hence the percentage removal decreases
[14].
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Fig. 1-a-e. The variation of amount adsorbed with adsorption time at different initial dye concentration on barley straw
with different carbonization temperature.

Table 1

Isotherm parameters for removal of MB by raw and TABS

Isotherm parameters Raw 200°C 300 °C 400 °C 400 °C
N 0.89 0.74 0.51 -0.6 1.69
Kr 4.13 2 20.1 2.69 12.6
R? 0.665 0.935 0.70 0.976 0.964
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3.2. Effect of carbonization time and dye
concentration on adsorption

The effect of carbonization time fig. 2 was
studied for 0.5, 1, 2, and 3 hours of
carbonization at different temperatures. Figs.
2a-e include different dye concentrations (5-25
mg/1), which show that at concentration 5
mg/l the dye removal increases for
carbonization at 200 °C with increasing time
of carbonization while for samples carbonized
at higher temperature than 200 °C are less
effective probably because of fiber destruction
at high temperature. Also with increasing dye
concentration the higher dye removal value
maintain for carbonization at 200 °C but the
removal value with increasing carbonization
time seems to be constant and start to
decrease. The removal of methylene blue from
aqueous solutions by adsorption on
carbonized straw increases with time, but at a
lower rate; this may be attributed to the fact
that in the beginning of the adsorption
process, the methylene blue is adsorbed on
the external surface of particles which
increases the concentration of methylene blue
on the surface and leads to formation of
methylene blue aggregates. Methylene blue
molecules are known to form dimmers and
aggregates, depending on the conditions of
solution such pH, concentration of the dye
and presence of other ions [15,16]. Methylene
blue aggregates can migrate from the external
surface of barley straw to the inner pores,
resulting in deaggregation of the methylene
blue aggregates and restoring monomers.
Similar results have been reported in
literature for removal of dyes [17, 18]. In batch
type adsorption process monolayer of
adsorbate is generally formed on the surface of
adsorbent [19] and removal rate of adsorbate
species from aqueous solution is controlled
especially by the rate of transport of the
species from the outer sites to interior sites of
the adsorbent particles™ [17].

3.3. Effect of particle size
Adsorption is a surface phenomenon, so

that, the extent of adsorption is proportional
to specific surface area, i.e., to that portion of

the total surface area that is available for
adsorption [20]. The effect of particle size was
determined by conducting the adsorption
process with carbonized barley straw at 200
°C (highest removal value) and different
particle sizes. Fig. 3 illustrates a plot of
particle size versus dye removal percentage of
methylene blue adsorption at different
concentrations. As the particle size decreases,
the adsorption capacity of carbonized barley
straw increases. An increase in capacity with
decreasing particle size mainly suggests that
the dye molecules do not completely penetrate
the particle or partly that the dye molecules
preferentially adsorb near the outer surface of
the particle [21]. The effect of adsorbent
particle size on the adsorption process can be
explained as follows, as the particle size
decreases, more surface area is available for
the adsorption process. Matthews [22]
ascribed the increases in adsorption capacity
with decreasing the particle size to that
adsorption is mainly at the external surface
area of the adsorbent as the smaller particles
have a larger external surface area for
adsorption process. A similar trend was
observed by Poots et al. [23] when peat was
used to remove acid dyes from aqueous
solutions.

3.4. Isotherm analysis

The purpose of the adsorption isotherms is
to relate the adsorbate concentration in the
bulk and the adsorbed amount at the interface
[24]. The equilibrium isotherms in this study
have been described in terms of, Freundlich
and Temkin isotherms. The Freundlich
isotherm [25] is an empirical equation
assuming that the adsorption process takes
place on heterogeneous surfaces and
adsorption capacity is related to the
concentration of MB dye at equilibrium. A
linear form of the Freundlich equation is
generally expressed as follows:

Lnge=InKr+ (l) InC, . (3)
n
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where Kr (mg/g (1/mg)l/n) is roughly an
indicator of the adsorption capacity and 1/nis
the adsorption intensity. The magnitude of the
exponent, 1/n, gives an indication of the
favorability of adsorption. The plot of In g
versus In C. fig. 4 is employed to evaluate the
intercept Kr and the slope 1/n for raw barley
straw and carbonized straw at different
heating temperature. The values of Kr, n and
the linear regression correlation (R?) for
Freundlich are given in table 1. The table
shows that Freundlich isotherm fitted the
carbonized straw at heating temperature
500 °C.
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3.5. Kinetic study

The effect of initial methylenc blue
concentration on the kinetics of adsorption of
the dye at neutral pH for raw and carbonized
barley straw were studied and then analyzed
using the Langergren’s Pseudo first order and
Ho’s pseudo second order models [26]. The
Lagergren equation, a pseudo-first-order
equation, describes the kinetics of adsorption
process as follows:-

dq/dt = ki(ge-qy) , (4)

where g is the amount of adsorbate adsorbed
at equilibrium (mg/g), g the amount of
adsorbate adsorbed at time t (mg/g) and ki is
the rate constant of pseudo-first order
adsorption (min-!). Since g=0 at t = 0. By
integrating eq. (1) for the boundary conditions
t=0 to t = tand g=0 to gt = q, gives:

k
= (S)
2.303

log (ge— qt) = log ge -

The value of the adsorption rate constant
(K1) for MB sorption by raw and carbonized
barley straw at different heating temperature
was determined from the plot of the log (ge-qi)
against (t) fig. 5. The parameters of pseudo-
first order model summarized in table 2

On the other hand, the pseudo second
order kinetic equation of Ho based on
adsorption capacity may be expressed in the
form:-

d
—d‘it’—=k2(qe -gi) . 6)
1 =—1-+k2t, (7)
qe—qt de
t
q; = . (8)
L /ka?)+ (] qe)

Which has a linear form as follow:

! +Lt, 9)

t
a. 2
qt kgqe P

where kj is the rate constant of pseudo second
order adsorption (g/mg min) which can be
determined experimentally from the slope and
intercept of plot t/q: versus t fig. 6. Table 2
presents the coeffient of the pseudo-first and
second —order adsorption kinetic models. For
raw and TABS at 200 °C, although the
correlation  coefficient values at high
concentration are higher than 0.8 , the
experimental qe values do not agree with
calculated ones obtained from the linear plots
this shows that the adsorption of MB onto raw
barley straw and TABS at 200 °C are not a
first-order kinetic while the R? values of the
pseudo second order model exceeded 0.99 and
the q values (Qe/cal) calculated from pseudo-
second order model were more consistent with
the experimental q values (geexp) than those
calculated from the pseudo-first-order model,
while for TABS at 300 °C the @e/car values
fitted the gesexp for pseudo first and second
order model, but the values of R? were more
consistent for pseudo first- order model than
pseudo second. For TABS at 400 and 500 °C
heating temperature they fit pseudo first-order
model.

3.6. Sorption mechanism

Although the kinetic studies help in
identifying the adsorption process, the
determination of the sorption mechanism is
important for design purposes. Considering a
solid-liquid adsorption process, the adsorbate
transfer is characterized by either boundary
layer diffusion (external mass transfer) or
intra- particle diffusion (mass transfer
through the pores), or by both. It is generally
accepted that the adsorption dynamics
consists of three consecutive steps:-

» Transport of adsorbate molecules from the
bulk solution to the adsorbent external
surface through the boundary layer diffusion.

« Diffusion of the adsorbate from the external
surface into the pores of the adsorbent.

« Adsorption of the adsorbate on the active
sites on the internal surface of the pores.

The last step, adsorption, is usually very rapid
in comparison to the first two steps.

The kinetic results were analyzed by the
intraparticle diffusion model. Since the
particles are vigorously agitated during the
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adsorption period, it is assumed that the rate
is not limited by mass transfer from the bulk
liquid to the particle external surface. The
rate-limiting step may be film or intraparticle
diffusion. The intraparticle diffusion model is
expressed as [26]

g = Katos+ C . (10)

where C is the intercept and ki is the
intraparticle diffusion rate constant (mg/g
min®35), which can be evaluated from the slope
of the linear plot of gt versus t1/2 fig. 7. The ki
values were obtained from the slope of the
linear portions of the curve of different initial
concentrations and are shown in table 3.

Table 2

According to this model, the plot of uptake, g,
versus the squarc root of time (-5 should be
linear if intraparticle diffusion is involved in
the adsorption process and if these lines pass
through the origin then intraparticle diffusion
is the rate controlling step. When the plots do
not pass through the origin, this is indicative
of some degree of boundary layer control and
these further shows that the intraparticle
diffusion is not the only rate-limiting step, but
also other kinetic models may control the rate
of adsorption, all of which may be operating
simultaneously. The values of intercept give
an idea about the boundary layer thickness
such as the larger the intercept, the greater
the boundary layer effect.

Comparison of the Pseudo first order and pseudo second order adsorption rate constants at 25 °C, and calculated and experimental ge
value for different initial dye concentration (Co: mg/l; ge: mg/g; ki: min-!; k2: g/mg min)

Initial Pseudo- first order kinetic model Pseudo- second order kinetic model
concentration(mg/1) ge (exp)
K; e (cal R2 cal K: R2
(mg/g) 1 ge (cal) qe (cal) 2
Raw
?0 1.81 8'8159 0.9957 0.8145 1.77 8'8‘1"?3 0.9945
4.27 ' 2.42 0.8597 4.24 : 0.9995
13 5.9 0.0207 3.48 09194 6.2 0.0132 0.9988
20 ' 9.2¥10-3 ' : : 3.89*10-3 :
— 8.83 gt 6.44 0.9073 8.95 gt 0.9988
. 10.27 ; 8.56 0.9651 10.79 ' 0.9986
200 °C
?0 2.19 8'8{82 1.25 0.8071 2.1 8'8?37 0.9965
- 4.45 i 2.66 0.8308 4.22 o s 0.99
6.65 : 4.48 0.9519 7.15 : 0.9992
20 8.75+10-3 3.65*10-2
9.23 6.76 0.9046 8.7 0.999
25 7.8%10-2 2.27+10-
) 11.49 8.95 09168 10.69 0.997
300 °C
*10-3
?0 2.32 2"9‘81(1)0_3 1.59 0.8881 2.19 4(23*1?5_3 0.9962
4 4.69 g 3.92 0.9673 4.82 Py 0.9982
7.26 : 7.01 0.9958 7.91 ' 0.9779
20 2.99+10-3 6.49*10-3
9.69 "id 9.12 0.9631 8.39 0.9964
25 2.07*10- 2.03*10+
. 12.1 12.02 0.9929 11.74 0.7972
400 °C
- 2.31 4.8°10: 1.86 0.8547 1.67 2.68%10-> 0.9875
19 4.66 £ 397104 3.95 0.8066 2.49 8. 750 0.993
15 ' 2.07+10-3 ' ; : 5.47%10-3 :
4 7.21 g 6.96 0.9716 3.81 PV 09176
9.77 : 9.23 0.8314 2.55 ' 09778
25 4.6*10-3 4.56%103
. 12.3 12.37 0.966 11.91 0.2495
500 °C
* o * e
i 2.465 P 1.95 0.8765 1.99 s 0.9751
4.89 Sl 4.32 0.8932 2.86 : 0.9785
15 i 2.76%10- = oo 2 47610
20 ' 1.38*10-3 : 0677 12 6.52+10-3 s
o 9.75 byt A 9.15 0.8421 2.86 o 0.9854
11.92 : 11.86 0.9927 4.14 ' 0.685
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Fig. 7a-e. Intra particle diffusion plot for the adsorption at raw and different carbonization temperature
with different initial MB concentration.
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Table 3
Intraparticle diffusion constants for different initial MB concentrations
Initial concentration  Kia (mg/g min-1) C R2
(mg/1)
Raw
5 0.0338 1.219 0.9119
10 0.1196 2.4507 0.9296
15 0.1994 3.3547 0.8205
20 0.362 2.7725 0.9466
25 0.5452 1.4908 0.969
200 °C
5 0.0523 1.2718 0.927
10 0.1265 2.3167 0.9303
15 0.2428 3.5084 0.9108
20 0.3654 2.8904 0.958
25 0.4922 2.6415 0.9603
300 °C
5 0.0776 0.9653 0.9761
10 0.2403 0.6929 0.985
15 0.3753 -0.7544 0.9989
20 0.3296 -0.2773 0.9965
25 0.3677 -1.2701 0.9788
400 °C
5 0.0707 0.5068 0.9688
10 0.1044 0.7989 0.9704
15 0.1883 -0.2962 0.9806
20 0.1226 0.462 0.9538
25 0.1377 -0.729 0.9811
500 °C
5 0.0824 0.612 0.9571
10 0.1364 0.486 0.9862
15 0.2696 -0.8002 0.9542
20 0.1381 0.5007 0.9691
25 0.1325 -0.4523 0.9796
4. Conclusions References

The removal of methylene blue from
wastewater using modified barely straw has
been investigated under different experimental
conditions in batch mode. The adsorption of
methylene blue was dependent on adsorbent
surface characteristics, adsorbent particle
size, contact time and methylene blue
concentration in wastewater. Initial pH of
solution has no marked effect on the
adsorption for this dye except in case of high
dye concentration. Maximum dye was
removed within the first 30 min of every
experiment. The present investigation showed
that treated barely straw can be effectively
used as a raw material for the preparation of
biosorbent Adsorption kinetics for raw and
TABS at 200 and 300 °C followed pseudo
second-order  kinetics model at room
temperature. While at heating temperature
400 and 500 °C they followed pseudo first
order-model.
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