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Utilization of Barley Straw as a Source of a Activated Carbon for Removal of
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Abstract: Carbon is dense as well as porous solid form used in a variety of applications. Activated
carbons are made through pyrolysis and activation carbonaceous natural as well as synthetic precursors.
The preparation of activated carbon from agricultural waste could increase economic return and reduce
pollution. Barley straw have been used as a raw material to produce activated carbon. The adsorption
capacity was demonstrated by the isotherms of Methylene blue from aqueous solution for the prepared
activated carbon. The study investigates the removal of Methylene blue dye from simulated water. The
effects of different system variables, adsorbent dosage, initial dye concentration , pH and contact time
were studied. The results showed that as the amount of the adsorbent was increased, the percentage of
dye removal increased accordingly. Higher adsorption percentages were observed at lower concentrations
of Methylene blue. Optimum pH value for dye adsorption was determined as 7. Maximum dye was
requested within 90 min after the beginning for every experiment.
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INTRODUCTION
In recent times, carbon has been one of the
magnificent elements which have revolutionized
materials science [1 ]. Carbon provides materials with
excellent properties for a large spectrum of industrial
applications [2 ]. Carbon can used as solid lubricants,
electrically conducting materials, gas adsorbers. All
these uses can be obtained by meticuloresly choosing
the raw materials and processing conditions. Porous
carbon can be grouped into two categories: (i) Carbon
foams recently, these have been used as templates for
making ceramics, (ii) activated carbons consisting of
porous carbons with added active surface chemical
groups. Activated carbon fibers with very high surface
area have widened the application potential to gas
storage and energy areas. Activated carbons are
extremely versatile adsorbents of industrial significance
and are used in wide applications which are concerned
with removal of undesired species by adsorption from
liquid or gases. They also can be used as catalysts or
catalyst supports[3 ]. The unique properties and low cost
of activated carbon adsorbents give the strong market
to this adsorbent compared with other inorganic

adsorbents like zeolites. Activated carbons are
manufactured by the prolysis of carbonaceous materials
of vegetable origin, such as wood, peat, fruit stones
and shells or synthetic polymers such as viscose rayon,
polyacrylonitrile (PNA) or phenolics followed by
activation of the chars obtained from them. The general
process to produce activated carbon is based on
carbonizing and activating the original carbonaceous
material. Activation may be achived either physically
or chemically [4 ]. Activated carbons are unique and
versatile because of their extended area, microporous
structure, high adsorption capacity and high degree of
surface reactivity. Their important applications relate to
their use in the removal of odour, colour, taste and
other undesirable waste water, solvent recovery, air
purification. Various lignocellulosic materials or
agriculture wastes such as coconut shell, rice husks,
saw dust and wheat straw were used as adsorbents [5 ,7 ].
These materials were pyrolysed or carbobinized in an
inert atmosphere in order to remove volatile organic
constituents, leaving b ehind a highly porous
carbonaceous residue, followed by either chemicals
steam or gas activation for removal of the pollutants.
Barley straw is agricultural by products that are
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currently of no economic value. Straw is a renewable
substrate for production of cellulose, glucose, alcohol
and other chemical compounds [8 ] Barley straw is also
used as a biodegradable substance for sorption in oil
spill clean up [9 ,1 0 ], for oil removal from soil[9 ] and for
the inhabitation of algae and cyanobacteria growth in
aquatic reservoirs [9 ,1 1 ]. Adsorption processes using
activated carbons are widely used to remove pollutants
from wastewaters. In the last years, special emphasis
on the preparation of activated carbons from several
agricultural by products has been given due to the
growing interest in low cost activated carbons from
re ne wable, copious, especially for applic ation
concerning treatment of wastewater. The production of
activated carbon from rice husks [1 2 ], bagasse [1 3 ], date
pits [1 4 ], jute fiber[1 5 ] and olive stones[1 6 ] have studied.
The focus of the research is to look into the production
of activated carbon from natural fibers and evaluate the
adsorption capacity of barley straw activated carbon for
Methylene dye. Methylene blue was chosen in this
study because of its know strong adsorption onto solid
and is often serves as a model compound for removing
organic contaminants and colored bodies from aqueous
solutions [1 7 ].
M ATERIALS AND M ETHODS
M aterials: Sun dried barley straw got from Egyptian
farms harvested in may every year, crushed in willey
mill and sieved to particle size 2000-1000µm.
Methylene blue (M B) supplied from NICE chemicals
pvt. ltd company, was used without further purification
prior to use. Methylene blue was dried at 110°C for 2
hr before use. All of the Methylene blue solutions were
prepared with distilled water. The stock solution of
1000mg/l was prepared by dissolving 1g of Methylene
blue in 1000 ml distilled water. The experimental
solutions with different concentrations were prepared by
diluting the stock solution with distilled water when
necessary [1 8 ]. Raw material (Barley straw) used for
preparation of activated carbon was washed, dried,
crushed, to desired mesh size. The raw material then
carbonized at different temperature from 200 to 500 ºC
for 1, 2, 3 hours in muffle furnace using closed
stainless steel tubes 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 process.
The concentration of Methylene blue in the
supernatant solution after and before adsorption was
determined using a do ub le beam U V / V IS
spectrophotometer (Ultrospec 2000-Pharmacia. Biotech),
at wave length 655 nm. Scanning electronic
microscope, Model JSM 6360 LA Jeol , was used to
study fiber surface morphology at carbonization
temperature 200,500 ºC. Before examination, the fiber

samples were sputter coated with a thin layer of gold
in a vacuum chamber.
M ethods:
Batch Equilibrium Studies: Adsorption isotherms
were performed in a set of Erlenmeyer flasks (100 ml)
where solution of dye (50 ml) with different initial
concentration (5-25 ppm) were placed in these flasks.
Equal mass (0.1 g) of size 1000 µm, activated carbon
was added to dye solutions. The pH was adjusted to 7
by adding either few drops of diluted hydrochloric acid
or sodium hydroxide. All the measurements were made
at a wavelength corresponding to the maximum
absorbance of 655 nm. The effect of pH , time of
contact, amount of adsorbent on the adsorption process
were studie
RESULTS AND DISCUSSIONS
The composition of barley straw is shown in
Table (1). The organic constituents of cellulose, hemi
cellulose and lignin constitute nearly 80 % in the
straw [1 9 ]. Owing to the high lignin content of the
barley, it can be readily pyrolysed or carbonized in an
inert atmosphere to form porous material. The
pyrolysed material at 300 ºC and above consisted
of black carbonaceous material which considered
as carbon.
Table 1: C om position as percentage of organic m ass of barley
straw.
Constituents
% m ass
Cellulose
31-34 %
Pentosan
24-29 %
Lignin
14-15 %
Silica
3-6 %
Ash
5-7 %

The results show that the mass loss increases with
increasing temperature up to 600 ºC and remained
constant on further increase in temperature figure (1).
The pyrolysis pattern reflect on the decomposition
of lignocellulosic materials into organic volatiles, Co,
water and char. The decomposition profile of the barley
straw is characterized by an initial slow decomposition
up to 300 ºC, after that decomposition is rapid. A
rapid mass loss in the region 300-600 ºC corresponds
to the decomposition of cellulose, hemicellulose and
lignin [2 0 ].
Adsorption Studies: The adsorption behaviors of the
samples were studied by evaluating the removal
efficiency of methylene blue.
Effect of Carbonization Time on Dye Removal:
Figures(2 a-d) show the removal efficiency of
pyrolysed samples at different temperature versus
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Fig. 1: Effect of temperature on pyrolsis of barley
straw
(a)
concentration for different time. Experiments were
conducted with pyrolysed barley straw at constant pH,
adsorbent dosage(10 mg) and temperature by varying
methylene blue concentration (5-25 mg/l). The sorption
capacity for methylene blue at 1 hr and concentration
5 mg/l seemed to be lower than the other treating
periodes and these difference decreased by increasing
methylene blue concentration , that may be due to
increasing dye concentration lead to increase in
molecule size making it difficult to diffuse into the
pores of barley straw. The same behavior nearly for the
other carbonization temperature 300, 400 ºC but for
carbonization at 500 ºC the difference between the
carbonization periods nearly disappeared. The removal
efficiency for pyrolyzed barley straw at 200 ºC has
higher values for removal for all concentrations
comparing with pyrolyzed barley straw at 500 ºC
which gives lower values continuous to decrease to
reach zero value of at concentration 25 mg/l ,that may
be referred to changes in inner and outer structure as
shown in SEM figures. Figure (3, 4) show the outer
surface of pyrolyzed barley straw at 200 ºC, 500 ºC
respectively. The surface at 200 ºC showed more
cracks nd roughness than at 500 ºC , which obvious
the increase of percentage removal at 200 ºC than at
500 ºC. For inner surface of pyrolyzed barley straw at
200 ºC, 500 ºC as shown in figure (5, 6) the pores
included was at magnification factor 500 .This pores
allow the particles of dye to adsorb inside it at 200 ºC
even in case of high concentration of dye. But for
carbonized barley straw at 500 ºC the pores seemed
to be very small, this evident that the adsorption
through this pores may be occurred for low
concentration but for high concentration removal
efficiency was very low.
Effect of Contact Time on Adsorption Process: The
effect of contact time on the amount of dye adsorbed
was investigated at 5 mg/l concentration of the dye.
The removal values for 200 ºC carbonized straw was
higher than the other temperatures and also than
the raw material for every carbonization temperature.

(b)

(c)

(d)
Fig. 2: Removal efficiency of methylene blue
versus d ye concentration for d ifferent
carbonization temperatures (200, 300, 400,
and 500 ºC) and time.
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Fig. 6: SEM for inner surface of carbonized barley
straw at 500 ºC with magnification 500.
Fig. 3: SEM for surface of carbonized barley straw at
200 ºC with magnification 150.

(a)

Fig. 4: SEM for surface of carbonized barley straw at
500 ºC with magnification 150.

(b)

Fig. 5: SEM for inner surface of carbonized barley
straw at 200 ºC with magnification 500.

(c)
Fig. 7: Effect of contact time on the adsorption of
methylene blue onto raw and carbonized barley
straw.
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Also the extent of removal of methylene blue by
carbonized straw was found to increase, reach a
maximum value with increase in contact time figure
(7 a-c). In some cases it almost become constant with
increase in contact time, after 120 min. The removal of
methylene blue from aqueous solutions by adsorption
on carbonized straw increases with time, but with
lower values this may be related to in the beginning of
the adsorption process, the methylene blue is adsorbed
on the external surface of particles which increases the
local 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 and presence of other ions [2 1 ,2 2 ].
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 [2 3 ,2 4 ]. In batch type adsorption process monolayer
of adsorbate is generally formed on the surface of
adsorbent [2 5 ] 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 particulars [2 3 ].
Effect of Solution pH: The pH value of the solution
from which adsorption occurs may influence the extent
of adsorption. pH affects adsorption in that it governs
the degree of ionization of the acidic and basic
compounds [2 6 ]. In general, initial pH value may enhance
or depress the uptake. This is attributed to the change
in ph value. As the pH
increases, it is usually
expected that adsorption also increase. Figure (8 a-c)
show the adsorption of dye at different pH (3-11) at
different pyrolysis temperature and time. It can be seen
from the figures that as the solution pH increases, the
adsorption capacity increases. This can be attributed to
the electrostatic attraction between the positively
charged dye and the negatively charged surface of the
activated carbon. Increasing solution pH increases the
number of hydroxyl groups thus, increases the number
of negatively charge sites and enlarges the attraction
between dye and adsorption surface [2 7 ]. In this case the
activated carbon adsorbent acts as a negative surface
and attracts the positively charged dye (MB). Sastri[2 8 ] .
reported that alkalinity enhanced the adsorption of
electropositive substances, such as methylene blue. The
author also referred to the existence of a characteristic
region of pH for each carbon in which maximum
variations of adsorption are noticeable and suggested
that the change in adsorption in this region is due to a
sharp variation in the sign and magnitude of the charge

(a)

(b)

(c)
Fig. 8: Effect of the pH solution on the adsorption
of methylene blue onto raw and pyrolysis
barley straw.
carried by the adsorbent. Generally, the net positive
charge decreases with increasing pH value lead in the
decrease in the repulsion between the adsorbent surface
and dye and thus, improving the adsorption capacity [ 2 9].
Effect of Sorbent Dosage: The adsorption of
methylene blue onto pyrolysis barley straw was studied
by varying the adsorbent quantity (10, 30, 50, and 70
mg) in the test solution while keeping the initial dye
concentration 5 mg/l, temperature (25 ºC±1) and pH
(neutral) constant at all different time intervals.
The percent adsorption was increased with adsorbent
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