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ABSTRACT

The present work explored the use of Egyptian rice straw, an agricultural waste that leads to
global warming problem through brown cloud, as a potential feedstock for the preparation
of activated carbon. Chemical activation of this precursor using two different methods was
adopted. The produced activated carbon was fully characterized considering its adsorption
properties, as well as its chemical structure and morphology. Application of using the
produced activated carbon and raw rice straw for removal of the Fe(III) was evaluated in a
batch operation system. The results indicated that the rate of uptake of the Fe(III) is rapid in
the beginning and 80% adsorption is completed within 50min, and the time required for
equilibrium adsorption is 60min. The removal efficiency of Fe(III) depends on the pH of the
solution. The optimal Fe(III) removal efficiency occurs at pH 5. The adsorption isotherm
analysis showed that the Freundlish isotherm provides a good model for the sorption
system. The 1/n is lower than 1.0, indicating that Fe(III) is favorably adsorbed by activated
carbon.

Keywords: Chemical activation; Rice straw; Fe(III); Adsorption; Activated carbon

1. Introduction

Activated carbons are carbonaceous materials that
can be distinguished from elemental carbon by the
oxidation of the carbon atoms found on the outer and
inner surfaces [1]. These materials are characterized
by their extraordinary large specific surface areas,
well-developed porosity, and tunable surface-contain-
ing functional groups [2]. For these reasons, activated
carbons are widely used as adsorbents for the removal
of organic chemicals and metal ions of environmental
or economic concern from air, gases, potable water,

and wastewater [3]. Activated carbon can be
synthesized by two methods: chemical and physical
activation. In chemical activation, the starting materi-
als (raw material) are impregnated with a strong
dehydrating agent, followed by pyrolysis at high tem-
perature to prepare activated carbon. Physical activa-
tion method consists of carbonization of the precursor
(raw) material in an inert atmosphere and gasification
of the resulting char in the presence of steam, carbon
dioxide, or air. Activated carbon can be prepared from
many organic materials having high carbon content,
like coal [4], wood [5,6], lignite [7], coconut shells
[8,9], and activated sluge [10]; and recently, many
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agricultural byproducts, such as walnut shells [11],
palm shells [12], pecan shells [13,14], date stones [15],
almond shells [16], sugar cane bagasse [17], cotton
stalks, [18] Physic nut [19], and rice straw [20,21],
have been used as sources for activated carbon pro-
duction. The aim of this work is to produce activated
carbon from Egyptian rice straw by chemical activa-
tion, study the characterization of the produced
activated carbon, and then use the produced activated
carbon as adsorbent for the removal of Fe(III) from
waste water, and study the variables affecting the
removal process, such as initial concentration, pH,
and weight of adsorbent. Additionally, the kinetic and
thermodynamic properties were determined to inter-
pret and elucidate how the adsorption mechanism of
Fe(III) ions works. The kinetics studies showed that
the adsorption of Fe(III) on activated carbon followed
the pseudo-second-order model.

2. Materials and methods

2.1. Materials

Rice straw used as the adsorbent in this study was
collected from a cultivated area near Behira City. The
straw was washed with distilled water several times
and dried at room temperature. The straw was dried
in a drying furnace at 150˚C for two hrs, ground and
sieved between 400 and 600 lm, and stored in a plas-
tic bottle prior to use. All chemicals were of analytical
grade reagent and the glassware were Pyrex washed
with soap, rinsed thoroughly, and then washed with
deionized water.

2.2. Preparation of activated carbon from rice straw

The preparation of activated carbon by activation
process takes place by two different methods. The
activation procedure to produce AC1 was carried out
in a 2L beaker where a sample of 200 g of dried rice
husks was mixed thoroughly with 200mL of concen-
trated sulfuric acid. The mixture was heated to 200˚C
with continuous agitation for 1 h. During activation,
water was evaporated and the mixture became slurry
and started to solidify. At this moment, agitation was
stopped while heating continued until the produced
material became a carbon-like material. A trace
amount of distilled water was injected into the
carbonized material using 10mL syringe to promote
activation. Then, the resulting carbon was allowed to
cool to room temperature, washed with distilled
water, soaked in dilute potassium hydroxide solution
for 30min, washed a second time with distilled
water, dried, and stored in a closed container for

characterization. The activation procedure to produce
AC2 is as follows: the carbonization of the dried rice
husks was carried out using a muffle furnace which
allows limited supply of air. Carbonization was done
at 350˚C for two hours and allowed to cool to room
temperature for three hours before activation. Then, a
carefully weighed 25.0 ± 0.01 g carbonized carbon was
placed in a beaker containing 500cm3 of potassium
permanganate (KMnO4). The content of the beaker
was thoroughly mixed and heated until it formed a
paste. The paste was then transferred to an evaporat-
ing dish which was placed in a furnace and heated at
300˚C for 30 minutes. This was allowed to cool and
washed with distilled water to a pH of 6.7 ± 0.12,
oven-dried at 105˚C for one hour to a constant weight,
and ground. A fine powdered fluted activated carbon,
which was kept in an airtight vial, was used for the
various experiments.

2.3. Characterization of activated carbon

2.3.1. Iodine number

The iodine number (mg/g of activated carbon)
was evaluated using the procedure proposed by the
standard test method (ASTM D 4,607–86). The acti-
vated carbon (approximately 0.3–0.6 g) was placed in
a 250mL dry Erlenmeyer flask and was fully wetted
with 10mL HCl 5%. Then, 100mL of iodine solution
(0.1M) was poured into the flask and the mixture was
vigorously shaken for 30 s. After a quick filtration,
50mL of the solution was titrated with sodium thio-
sulfate (0.1M) until the solution became pale yellow.
Two milliliters of starch indicator solution (1 g/L) was
added and the titration was continued with sodium
thiosulfate until the solution became colorless. The
concentration of iodine in the solution was, thus,
calculated from the total volume of the sodium
thiosulfate used.

2.3.2. Morphology analysis

In order to know the structure sight of the
activated carbon, scanning electron microscopy (SEM)
was employed to visualize sample morphology. In the
present work, the activated carbon prepared was
analyzed by this technique using SEM “JEOL JSM
6360LA” to study the surface morphology of the
activated carbon and qualitative elemental analysis.

2.3.3. IR spectroscopy analysis

The surface functional groups and structure were
studied by FTIR spectroscopy. The FTIR spectra of the
raw material and the resulting activated carbon were
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recorded between 500 and 4,000 cm�1 in FTIR- 8,400 S
Shimadzu.

2.2.4. Batch studies

Single-stage batch adsorption tests were conducted
on 200mL. Fe(III) solutions contained in flasks by
stirring, using a IKA RT5 model magnetic stirrer oper-
ated at 200 rpm. Samples with various Fe(III) concen-
trations were prepared from the stock solution to get
various values of final equilibrium concentrations of
Fe(III) (30–150 ppm). The amount of solute adsorbed
per unit gram of adsorbent qe (mg/g) was evaluated
from the equation:

qe ¼ vðC0 � CeÞ
M

ð1Þ

where V is the volume of the solution, C0 is the initial
concentration of the adsorbate solution, Ce is the
concentration of the solute in the bulk phase at
equilibrium, and M is the mass of the adsorbent.

3. Results and discussion

3.1. Characterization of the produced carbon

3.1.1. Physico-chemical properties of the activated
carbon

Some properties of the activated carbon are
presented in Table 1. The activated carbon product
has iodine a value about 815mg/g and a porous vol-
ume equal to 0.0731 cm3/g. The AC is composed
mainly of carbon, but also has lots of oxygen from
many oxygenated surface functions. We also note the
presence (15% compared to the carbon content) of
potassium in AC1 due to treatment with potassium
hydroxide during the activation step.

3.1.2. Surface morphology

SEM images with different levels of magnification
factor are taken for treated rice straw in order to
show the major features of the fibers’ morphology
after treatment. Figs. 1 and 2 show the SEM images
for activated carbon produced from rice straw (AC1)
and (AC2) with magnification factor 150 and 250,
respectively, which aid in investigating the total sur-
face of treated fibers as flocculated particles. By
increasing the magnification factor (from 150 to
5,000) as in Figs. 1 and 2, it is obvious that the high

Table 1
Physico-chemical properties of the activated carbon

Some properties of the activated carbon

Parameter Value

AC1 AC2

Specific surface area (m2/g) 962.5 956.52

Porous volume (cm3/g) 0.312 0.791

Carbon (%) 52.49 49.41

Oxygen (%) 31.3 34.13

Potassium (%) 0.432 8.977

Si (%) 1.739 1.321

Ash content (%) 4.8 2

Iodine number (mg/g) 815.525 735.24

Fig. 1. (a) SEM for activated carbon produced from rice
straw (AC1) with magnification factor 150, (b) magnification
factor 5,000.

M.E. Ossman et al. / Desalination and Water Treatment 52 (2014) 3159–3168 3161



surface roughness increases the surface area of
adsorption.

3.1.3. FTIR for collected figure (comparison between the
three types of treatment of rice straw)

The FTIR analysis permits spectrophotometric
observation of treated rice straw in the range
400–4,000 cm�1 and serves as a direct means for the
identification of the organic function on the surface. An
examination of the treated rice straw provides informa-
tion regarding the surface groups that might have
participated in the adsorption reaction and also indi-
cates the surface site (s) on which adsorption can take

place. In Fig. 3 IR studies indicate the participation of
the specific functional groups in adsorption interaction.
The IR spectrum of the treated rice straw (Fig. 4)
showed that the most prominent peaks in the spectrum
originate from OH vibrations (3,300–3,450 cm�1) and
C–H asymmetric and symmetric stretching vibrations
at (2,935–2,300 cm�1). Very intense peaks in the region
(1,550–1,640 cm�1) originate from the stretching mode
of N-H group, at (700–1,300 cm�1) stretching may be
due to the of C–C group, and at (400–700 cm�1)
stretching may be due to the aromatic region related to
C–O group.

3.2. Effect of contact time

In order to establish the equilibration time for maxi-
mum uptake and to know the kinetics of the adsorption
process, the adsorption of Fe(III) on activated carbon
produced from rice straw by chemical activation (AC1
and AC2) and raw rice husk (Raw) as adsorbents was

Fig. 3. FTIR for activated carbon produced from rice straw.

Fig. 4. The effect of contact time on the adsorption
capacity for AC1, AC2, and Raw. Conc. of Fe (III) is
30 ppm, pH is 5, weight of adsorbent is 2 g/l, and
Temperature is 25 0C.

Fig. 2. (a) SEM for activated carbon produced from rice
straw (AC2) with magnification factor 250, (b) magnification
factor 5,000.
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studied as a function of contact time and results are
shown in Fig. 4. It is seen that the rate of uptake of the
Fe(III) is rapid in the beginning and 80% adsorption is
completed within 50min. Fig. 4 also indicates that the
time required for equilibrium adsorption is 60min.,
and it is found that AC1 has higher adsorption capacity
than AC2 and raw rice husk.

The effect of concentration on the equilibration
time was also investigated as a function of initial
Fe(III) concentration and the results are shown in
Fig. 5. It was found that time of equilibrium, as well
as time, required to achieve a definite fraction of
equilibrium adsorption which is independent of initial
concentration.

3.3. Effect of pH

The effect of pH on the equilibrium uptake of Fe(III)
was investigated by employing the initial concentration
of Fe(III) (30mgL�1) and 1 gL�1 of adsorbent. The initial
pH values were adjusted with 0.1M HCl or 0.1M
NaOH to form a series of pH from 3 to 9. The suspen-
sions were shaken at room temperature (25 ± 2˚C) using
agitation speed (200 rpm) for the equilibrium time
(60min) and the results are represented in Fig. 6.

It can be observed that the removal efficiency
increases with increasing initial pH and it almost
reaches a peak value around 5, and then decreases
with increasing initial pH. Then, the optimal Fe (III)
removal efficiency occurs at pH 5. This result is
considerably consistent with eggshells, olive cake, and
chitin adsorbents [22–24].

The results can be explained as follows: at low pH,
the concentration of proton is high, so iron ions’
binding sites become positively charged and then
metal cations and protons compete for binding sites of

activated carbon which results in lower uptake of iron
ions. As pH increases in ranges from 3 to 5, the
concentration of proton existing in the solution will be
decreased, and hence will not give the chance to com-
pete with iron ions on the adsorption sites of activated
carbon, thus facilitating greater Fe(III) ions uptake.
After pH 5, the removal efficiency decreases as pH
increases, which is due to the precipitation of insolu-
ble iron hydroxidein the solution. Therefore, at these
pH values, both the adsorption and precipitation
are effective mechanisms to remove the iron (III) in
aqueous solution. The iron cations in aqueous solution
convert to different hydrolysis products [25].

3.4. Effect of weight of adsorbent

The results of the experiments with varying
adsorbent dosage are presented in Fig. 7. It was found
that with an increase in the adsorbent dosage from 0.2
to 5.0 g/L, the removal of Fe(III) increases from 60 to
90% in case of AC1. This can be explained by the
fact that more the mass available, more the contact
surface offered to the adsorption. These results are
qualitatively in good agreement with those found in
the literature [24].

3.5. Equilibrium of adsorption

Adsorption isotherms are used to determine the
capacity and optimize the use of the adsorbent at
equilibrium. Therefore, the correlation of equilibrium
data by either theoretical or empirical equations is
essential to the practical design and operation of the
adsorption systems.

Fig. 5. The effect of contact time on the adsorption
capacity for AC1 at different concentration of Fe(III). pH is
5, weight of adsorbent is 2 g/l, and Temperature is 25˚C.

Fig. 6. Effect of initial pH on the removal efficiency % of Fe
(III) ions. (initial concentration of Fe(III): 30 ppm, weight of
adsorbent: 1 g /l, Contact time: 1 h).
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3.5.1. Modeling of adsorption isotherm

The analysis of the isotherm data is important to
develop an equation which accurately represents the
results and could be used for design purposes. In order
to investigate the adsorption isotherm, the adsorption
data can be interpreted using several relationships
which describe the distribution of Fe(III) molecules
between the aqueous and solid phases. In order to
investigate the adsorption isotherm, the experimental
data of equilibrium isotherms were interpreted using
four equilibrium models: the Freundlich, the Langmuir,
the Tempkin, and the Dubinin–Radushkevich (D–R)
isotherm equations. This modeling permits us to
determine the maximal capacity of removal.

3.5.1.1. Langmuir isotherm. Langmuir’s isotherm
model suggests that the uptake occurs on homoge-
neous surface by monolayer sorption without interac-
tion between adsorbed ions. The linear form of the
Langmuir isotherm equation is represented by the
following equation:

Ce

qe
¼ 1

Q0b
þ 1

Q0
Ce ð2Þ

where Q0 is the maximum Fe(III) ions uptake per unit
mass of activated carbon (mg/g) related to adsorption
capacity and b is Langmuir constant (L/mol) related to
the energy of sorption. Therefore, a plot of Ce/qe vs. Ce,
gives a straight line of slope 1/Q0 and intercept
1/(Q0 b). Table 2 shows that the experimental data
were fitted by the linear form of Langmuir model,
(Ce/qe) vs. Ce. The values of Q0 and b were evaluated
from the slope and intercept, respectively. These values
of Q0 and b are listed in Table 1, with their uncertainty
and their determination coefficients, R2.

The results obtained from the Langmuir model for
the removal of Fe(III) onto activated carbon are shown
in Table 2.

3.5.1.2. The Freundlich isotherm. Freundlich isotherm
describes the adsorption equation for non-ideal
adsorption that involves heterogeneous adsorption.
This empirical isotherm is expressed by the following
equation:

qe ¼ KFC
1=n
e ð3Þ

The equation is conveniently used in the linear
form by taking the logarithm of both sides as:

log qe ¼ logKF þ 1

n
logCe ð4Þ

Freundlich constants, KF and 1/n, are related to
adsorption capacity and intensity of adsorption,
respectively. The values of n and KF can be calculated
from the slope and intercept of the plot of log qe vs.
log Ce derived from Eq. (4). The magnitude of the

Table 2
Comparison of the coefficients isotherm parameters for Fe
(III) adsorption onto AC1

Isotherm model AC1

Langmuir

Qm (mg g�1) 666

Ka (L mg�1) 0.012

No. of parameter estimated 2

Data point available 4

R2 0.8124

Freundlich

1/n 0.7924

KF (mg g�1) 0.0229

No. of parameter estimated 2

Data point available 4

R2 0.9696

Tempkin

D (mg g�1) 258.69

a (L mg�1) 0.0013

b (kJ/mol) 9.58

No. of parameter estimated 2

Data point available 4

R2 0.9718

Dubinin–Radushkevich

Qm (mgg�1) 240.086

v 2� 10�5

No. of parameter estimated 2

Data point available 4

R2 0.9824

Fig. 7. Effect of initial weight of adsorbent on the removal
efficiency% of Fe(III) ions using AC1 (Initial concentration
of Fe(III): 30 ppm, pH=5, Contact time: 1 h).
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exponent 1/n gives an indication of the favorability of
adsorption.

The applicability of the Freundlich sorption
isotherm was also analyzed, using the same set of
experimental data, by plotting log (qe) vs. log(Ce). The
data obtained from linear Freundlich isotherm plot for
the adsorption of the Fe(III) onto activated carbon is
presented in Table 1. The correlation coefficients
reported in Table 2 showed strong positive evidence
on the adsorption of Fe(III) onto activated carbon
following the Freundlish isotherm. The applicability
of linear forms of Freundlish model to activated car-
bon was proved by the high correlation coefficients
R2> 0.96. This suggests that the Freundlish isotherm
provides a good model for the sorption system. The
1/n is lower than 1.0, indicating that Fe(III) is
favorably adsorbed by activated carbon.

3.5.1.3. The Tempkin isotherm. Tempkin adsorption
isotherm model was used to evaluate the adsorption
potentials of the activated carbon for Fe(III). The
derivation of the Tempkin isotherm assumes that the
fall in the heat of sorption is linear rather than
logarithmic, as implied in the Freundlich equation.
The Tempkin isotherm is commonly been applied in
the following form [26–28]:

qe ¼ RT

b
lnðACeÞ ð5Þ

The Tempkin isotherm Eq. (5) can be simplified to
the following equation:

qe ¼ b ln aþ b lnCe ð6Þ

where b = (RT)/b, T is the absolute temperature in
Kelvin, and R is the universal gas constant, 8.314 J
(molK)�1. The constant b is related to the heat of
adsorption [29,30]. The adsorption data were analyzed
according to the linear form of the Tempkin isotherm
Eq. (6).

Examination of the data shows that the Tempkin
isotherm fitted the Fe(III) adsorption data for
activated carbon well. The linear isotherm constants
and coefficients of determination are presented in
Table 2.

The heat of Fe(III) adsorption onto activated
carbon was found to be 9.58 kJmol�1

The correlation coefficients R2 obtained from
Tempkin model were comparable to those obtained
for Freundlich equation, which explains the applicabil-
ity of Tempkin model to the adsorption of Fe(III) onto
activated carbon.

3.5.1.4. The Dubinin–Radushkevich (D–R) isotherm.
The D–R model was also applied to estimate the
porosity apparent free energy and the characteristics
of adsorption [31–33]. The D–R isotherm does not
assume a homogeneous surface or constant sorption
potential. The D–R model been applied in the follow-
ing Eq. (7) and its linear form can be shown in
Eq. (8):

qe ¼ qm expð�Ke2Þ ð7Þ

ln qe ¼ ln qm � Ke2 ð8Þ

where K is a constant related to the adsorption
energy, Qm is the theoretical saturation capacity, and e
the Polanyi potential calculated from Eq. (9).

e ¼ RT ln 1þ 1

Ce

� �
ð9Þ

The slope of the plot of ln qe vs. e2 gives K (mol2
(kJ2)�1) and the intercept yields the adsorption capac-
ity, Qm (mg g�1). The calculated value of D–R param-
eters is given in Table 2. The saturation adsorption
capacity Qm obtained using D–R isotherm model for
adsorption of Fe(III) onto activated carbon is
240.086mgg�1, which is close to the one obtained
from Timpkin isotherm model (258.69mgg�1) (Table 2).

3.6. Kinetic models applied to the adsorption of Fe(III) onto
activated carbon

Kinetics of adsorption are one of the most impor-
tant characteristics to be responsible for the efficiency
of adsorption. The adsorbate can be transferred from
the solution phase to the surface of the adsorbent in
several steps and one or any combination of which can
be the rate-controlling mechanism: (i) mass transfer
across the external boundary layer film of liquid sur-
rounding the outside of the particle; (ii) diffusion of
the adsorbate molecules to an adsorption site by either
a pore diffusion process through the liquid-filled
pores or a solid surface diffusion mechanism; and
(iii) adsorption (physical or chemical) at a site on the
surface (internal or external), and this step is often
assumed to be extremely rapid.

The overall adsorption can occur through one or
more steps. In order to investigate the mechanism of
process and potential rate-controlling steps, the
kinetics of Fe(III) adsorption onto activated carbon
were analyzed using pseudo-first-order [34], pseudo-
second-order [35], Elovich [36], and fractional power
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[37,38] kinetic models. The conformity between experi-
mental data and the model-predicted values was
expressed by the correlation coefficients (R2, values
close or equal to 1). The relatively higher value is the
more applicable model to the kinetics of Fe(III)
adsorption onto activated carbon.

3.6.1. Pseudo-first-order equation

The adsorption kinetic data were described by the
Lagergren pseudo-first-order model [34], which is the
earliest known equation describing the adsorption rate
based on the adsorption capacity. The linear form
equation is generally expressed as follows:

logðqe � qtÞ ¼ log qe � K1

2:303
t ð10Þ

In order to obtain the rate constants, the values of
log (qe �qt) were linearly correlated with t by plot of

log (qe �qt) vs. t to give a linear relationship from
which K1 and predicted qe can be determined from
the slope and intercept of the plot, respectively.

The variation in rate should be proportional to the
first power of concentration for strict surface adsorp-
tion. However, the relationship between initial solute
concentration and rate of adsorption will not be linear
when pore diffusion limits the adsorption process.
The experimental qe values do not agree with the cal-
culated ones obtained from the linear plots, and the
correlation coefficient R2 are relatively low for most
adsorption data (Table 2). This shows that the reaction
mechanism of adsorption of Fe(III) is not a first-order
reaction.

3.6.2. Pseudo-second-order equation

The adsorption kinetic may be described by the
pseudo-second-order model. The linear equation is
generally given as follows:

Table 3
Kinetic parameters for the adsorption of Fe(III) onto activated carbon

Kinetics models AC1 AC2 Raw rice straw

Zero-order kinetics

Qe (mgg�1) 28.205 23.884 13.604

K (mgg�1 s�1) �0.3253 �0.1104 �0.2046

R2 0.7268 0.7525 0.6154

First-order kinetics

K1 (min) �0.0085 �0.0035 �0.0118

q1(mg/g) 3.2951 3.4759 2.4363

R1
2 0.5947 0.7525 0.4936

Pseudo-first-order kinetics

K1 (min) 0.0374 0.0194 0.0241

q1 (mg/g) 51.935 18.688 21.538

R1
2 0.945 0.9588 0.7724

Second-order kinetics

K2 (g/mgmin) �0.0003 �9E-5 �0.0009

Q2 (mg/g) 25.45 32.362 9.234

R2
2 0.468 0.7387 0.3284

Pseudo-second-order kinetics

K2(g/mgmin) 0.0008 0.00049 0.00089

q2(mg/g) 68.966 45.045 41.322

R2
2 0.9859 0.9989 0.936

Elovich

a (mg g�1 min�1) 14.456 5.0721 9.6648

b (g mg�1) 0.043804 11.546 0.035606

R2
E 0.932 0.95 0.891

Fractional power

K mgg�1 10.03315 23.4858 2.47

t 0.4016 0.1382 0.4

R2 0.8553 0.9517 0.8344
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t

qt
¼ 1

K2

1

q2e
þ 1

qe
t ð11Þ

If the second-order kinetics is applicable, then the
plot of t/qt vs. t should show a linear relationship. Val-
ues of K2 and equilibrium adsorption capacity qe were
calculated from the intercept and slope of the plots of
t/qt vs. t. The linear plots of t/qt vs. t show good
agreement between experimental and calculated qe val-
ues (Table 3). The correlation coefficients for the sec-
ond-order kinetic model are greater than 0.98, which
led to the belief that the pseudo-second-order kinetic
model provided good correlation for the adsorption of
Fe(III) onto activated carbon and raw rice husk.

3.6.3. Elovich equation

The Elovich equation is generally expressed as
follows:

qt ¼ b lnðabÞ þ b ln t ð12Þ

If Fe(III) adsorption by activated carbon fits the
Elovich model, a plot of qt vs. ln(t) should yield a lin-
ear relationship with a slope of b and an intercept of
b ln(ab). Thus, the constants can be obtained from the
slope and the intercept of the straight line (Table 3).
High correlation coefficient values (>0.997) for the
pseudo-second-order kinetic model in all conditions
revealed that the Fe(III) uptake process followed the
pseudo-second-order rate expression.

The calculated qe values agree very well with the
experimental data in the case of pseudo-second-order
kinetics for activated carbon produced by chemical
activation (first method (AC1)), activated carbon pro-
duced by chemical activation (second method (AC2)),
and raw rice straw husk. According to the pseudo-sec-
ond-order model, the adsorption rates become very
fast and the equilibrium times are short, which are
confirmed by the experimental results.

4. Conclusion

The Egyptian rice straw as a potential feedstock
was used for the preparation of activated carbon.
Chemical activation of this precursor using two differ-
ent methods was adopted. The produced activated
carbons from the two methods (AC1 and AC2) were
used as potential adsorbents for the removal of Fe(III)
from aqueous solution.

Based on the experimental results, the optimum
contact time is 60min and adsorbent dosage is 3 g/L.
The adsorption of Fe(III) was found to be dependent
on the pH of the solution. The optimal Fe(III) removal

efficiency occurs at pH 5. The Freundlich adsorption
isotherm model describes the adsorption behavior
with good correlation coefficient. The 1/n value from
Freundlish model is lower than 1.0, indicating that
Fe(III) is favorably adsorbed by the activated carbon.
The metal ion adsorption obeyed the pseudo-second-
order model based on the experimental and calculated
qe values.
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