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Abstract:

In this study, the adsorption of two basic dyes, namely, Crystal Violet (CV) and Rhodamine B (RB) from
aqueous solution by phragmite australis treated with 40% H;PO, was investigated. Batch experiments were
conducted to study the effect of temperature, contact time, pH and carbon dose. Equilibrium adsorption
isotherms and kinetics were investigated. The equilibrium experimental data were analyzed by using the
Langmuir, Freundlich, Temkin and Harkin — Jura isotherms. The kinetic data obtained was analyzed using a
pseudo - first order, pseudo — second order and intra — particle diffusion equations. Dye adsorption was
best described by the Langmuir model and with the pseudo — second order kinetic model. Thermodynamic
parameters such as free energy (AG2), enthalpy (AH2), and entropy changes (AS?) were evaluated. The
surface morphology of modified phragmite australis was characterized by FT — IR spectroscopy, scanning
electron microscope (SEM), surface area and Boehm titrations.

Keywords: Phragmite australis, Crystal violet, Rhodamine B, adsorption isotherms, thermodynamic
parameters, kinetics

1.0 Introduction: (Mishra and Tripathy, 1993). Cationic dyes were
Water is one of the basic necessities required for used intensely as a model in dye adsorption
the sustenance and continuation of life. However, studies such as Crystal violet (Chinniagounder et
this is becoming increasingly difficult in views of al., 2011) and Rhodamine B (Anandkumar and
large scale pollution caused by industrial, Mandal, 2011).

agricultural and domestic activities. These
activities generate wastewater which contains
both organic and inorganic pollutants. Some of the
common pollutants are phenols, dyes, detergents,
insecticides, pesticides and heavy metals
(Nemerrow, 1971). Dyes in industrial water are
visible pollutants that are difficult to treat due to
their complex molecular nature and synthetic
origin. The dyes released into the environment can
lead to acute effects on exposed organisms due to
the toxicity of the dyes (Tsuboy et al., 2007;
Vinitnantharat et al., 2008). In addition, some dyes
or their metabolites are mutagenic or carcinogenic
(zollinger, 1991). Dye ions can be classified as
anionic (direct, acid, and reactive dyes), cationic
(basic dyes), and non —ionic (disperse dyes) (Wong
and Yu, 1999). Basic dyes include different
chemical structures based on substituted aromatic
groups (Eren and Afsin, 2007). Also, they carry a
positive charge in their molecule due to the
presence of protonated amine or sulpher
containing groups (Netpradit et al, 2004),
furthermore it is water soluble and yield colored
cations in solution. Basic dyes are highly visible
and have high brilliance and intensity of colors

Several physical, chemical and biological treatment
techniques have been applied to remove dyes
from wastewater, such as, photodegradation
(Wahi et al., 2005), reverse osmosis (Gupta et al.,
1990), chemical oxidation (Neamtu et al., 2004),
electrocoagulation — electroflotation (Bennajaha
et al, 2010), and adsorption. Among these
methods, adsorption is commonly used owing to
its high efficiency and ability to separate a wide
range of chemical compounds (Cherifi et al., 2009),
simplicity of design (Tan et al, 2008) and
economic feasibility. Adsorption using activated
carbon has been successfully used as an adsorbent
for the removal of dye from wastewater. Activated
carbon is widely used as an adsorbent due to its
high adsorption capacity, high surface area,
microporous structure, and high degree of surface
area, respectively. Activated carbon is effective
but expensive due to its high cost of
manufacturing. However, several researchers have
been studying the use of various alternate in-
expensive materials. Therefore, in recent years,
many studies have examined the preparation of
activated carbons from low-cost and readily
available materials, mainly industrial and
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agricultural by-products (Pollard et al., 1992). Such
alternatives include quanternized rice husk (Jaszlo,
1996), tree fern (Ho et al., 2005), rice bran (Suzuki
et al., 2007), coir pith (Ash et al., 2006), soybean
hull and sugar beet fiber (Laszlo and Dintzis, 1994),
banana pith (Namasivayam et al., 1993), coconut
husk (Low et al, 1998), date pits (Gaid et al.,
1995), and orange and banana peels (Annadurai et
al., 2002), with little or no modification were
applied for the removal of dyes from wastewater.

Phragmites australis (Common reed), is a
widespread, dominant flora species in many
aquatic ecosystems (Du Liang et al., 2003). If it is
not reaped at the end of the growing season, large
amounts of decomposing leaves return to the
aquatic system, which can affect the cycle of
pollutants in the wastewater (Unamuno et al.,
2007).Hence, utilization of such agricultural solid
waste for wastewater treatment is very desirable.
Phragmites usually forms vast belts along shores of
fresh water, lake, streams, as well as other
wetlands. The rapid expansion of reed (Chambers
et al., 1999) may just as well represent a serious
threat to natural ecosystems due to its aggressive
and persistent survival strategies (Marks et al.,
1994; Warren et al., 2001). Due to its fast-growing
properties and high biomass yields, reed is a
promising plant to be used in constructed
wetlands for energy/material production and
water purification. It can be called as the "multi-
functional wetland" (Randy, 1998; Fern, 2000;
Hagelberg and lkonen, 2007). Ethnographic
identification of phragmites is confused by a
variety of common names including reed, common
reed, reed grass, common reed grass, cane, wild
cane and bent grass. Reed is one of the most
widely distributed plant species on Earth covering
over ten million hectares (Holm et al., 1977).
Phragmites australis occurs throughout Egypt (Eid
et al., 2010; Eid, 2010) and is a major component
of reed stands along the shores of Lake Burullus
close to the Deltaic Mediterranean coast (Serag,
1996).

This study focuses on the use of common reed
(CR) for the removal of two basic dyes [crystal
violet (CV) and rhodamine B (RB)] from aqueous
solution. The effect of contact time (t), initial pH of
the dye solution, temperature (T), and carbon
dose were investigated. Equilibrium isotherms for
the adsorption of CV and RB were analyzed by
Langmuir, Freundlich, Temkin and Harkin — Jura
models using non — linear regression technique.
The kinetic parameters were also calculated by
fitting various kinetic models. The thermodynamic
properties of the adsorption process (AH2, AG?
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and AS?) have also been determined. In addition,
surface groups were also determined using Boehm
titrations.

2.0 Experimental:

2.1 Adsorbate Preparation:

The adsorbates were supplied by Sigma Chemical
Company,USA. The chemical structures of the dyes
are illustrated in Figure 1. Also, Table 1 shows the
characteristics of these dyes. A stock solution of
100 mg/l was prepared by dissolving accurately
weighed amounts of CV and RB in separate doses
of 1000 ml distilled water. The desirable
experimental concentrations of solution (10-100
mg/l) were prepared by diluting the stock solution
with distilled water when necessary. Initial
concentrations of CV and RB were determined by
finding out the absorbance of the characteristic
wavelength using a double beam UV/Vis
spectrophotometer (Shimadzu Model PC — 2401;
Japan).

2.2 Adsorbent Preparation:

Phragmite australis was collected from along the
shores in Lake Burullus in Egypt. The precursor was
washed with distilled water to remove the residual
chemical materials, dried at 60°C for 12 h. The
dried phragmite australis was crushed in a
laboratory mill and sieved to obtain particles
ranging between 19.3 to 19.8 nm. An accurate
weight of dried precursor was impregnated with
40% phosphoric acid. The mixture was then stirred
at room temperature for 24 h. After impregnation,
the mass was then transferred to a muffle furnace
and heated slowly to reach the desired
temperature (400, 450 and 500 °C). At each
temperature, the furnace was kept for one hour
and then cooled down to room temperature. The
activated product was washed with distilled water
until neutral pH was obtained. The calcined
samples were then dried in a vacuum oven at 100
oC and left overnight. The activated dried samples
were given the following notifications (CR-Raw,
CR-400 2C, CR-450 2C, and CR-500 9C).

2.3 Characteristics of Adsorbent:

The surface textures of Phragmites australis was
examined by means of scanning electron
microscopy (SEM, Joel JSM 60). The samples were
dried and coated with gold before scanning. The
Fourier — Transform Infrared (FT-IR) spectra were
obtained using a Perkin — Elmer Model 180
Spectrometer (USA), within the range of 4000 —
400 cm'l, using a 1.5 mg sample mixed with 200
mg of KBr. Samples were pressed into a thin
transparent tablet. The physicochemical
characteristics of the raw and activated samples
treated at different temperatures are given in
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Table 2. The specific surface area (BET), average
pore diameter and average pore volume were
measured using Quantachrome Nova Automated
N, gas adsorption at -196 2C.

2.4. Batch Adsorption Studies:

Batch experiments were carried out at room
temperature (25 2C) to determine the equilibrium
adsorption isotherms. A weighed quantity (0.1 g)
of the adsorbent was placed in a 250 ml conical
flask containing 100 ml of the dye solution. The
contents were shaken thoroughly using a
mechanical shaker with a speed 120 rpm. The
solution was then filtered and the residual dye
concentration was determined
spectrophotometrically  using UV - Vis
spectrophotometer at A, = 591 for CV dye and
Amax = 554 for RB dye. The adsorption experiments
were carried out in a batch process at 30, 40 and
60 °C. The effect of variables such as initial
concentration, contact time, pH, and temperature
were studied thoroughly and reported in the
results and discussion part.

The amount of adsorption at equilibrium, qe

(mg/g), was calculated by:

(Co—Ce )V
ez% (1)

where C,and C, (mg/l) are the liquid — phase
concentrations of dye at initial and equilibrium,
respectively. V is the volume of the solution (L)
and W is the mass of dry sorbent used (g).

The dye removal percentage can be calculated as

follows:
(Co_ce )

o

Percentage Removal = X 100 (2)

2.5 Titration Studies:

Earlier studies by Boehm (Boehm, 2002) revealed
that only strong acidic carboxylic acid groups are
neutralized by sodium bicarbonate, whereas those
neutralized by sodium carbonate are thought to be
lactones, lactol and carboxyl group. The weakly
acidic phenolic group reacts only with NaOH.
Therefore, by selective neutralization using bases
of different strength, the surface acidic functional
group in carbon can be characterized both
quantitatively and qualitatively. Neutralization
with HCI characterizes the amount of surface basic
groups that are, for example, pyrones and
chromenes. The adsorbent (0.1 g) was mixed with
50 ml of each of 0.1 M NaOH, NaHCO; and Na,CO;,
and shaken continuously for 24h. The
supernatants were separated by filtration, and 10
ml of each filtrate was used for titration with 0.1
M HCI to determine the total acidity and 0.1 M
NaOH to determine the total bascity. Results from
titration studies indicate that the carbon used may
possess basic functional groups on its surface
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(0.075um0|m"2) more than acidic functional groups
(0.05 umolm"z).

3. Results and Discussion:
3.1. Fourier Transform
Spectrometer (FT- IR):

The adsorption capacity of activated carbon
depends upon porosity as well as the chemical
reactivity of functional groups at the surface. This
reactivity creates an imbalance between forces at
the surface as compared to those within the body,
thus leading to molecular adsorption by the Van
der Waals force. Knowledge on surface functional
groups would give insight to the adsorption
capability of the produced activated carbons.
Figure 2 shows the functional groups of activated
carbon calcined at different temperatures. The
broad band around 3400 cm™ can be assigned to
the O — H stretching mode of hydroxyl groups and
adsorbed water (Staurt, 1996). The position and
asymmetry of this band at lower wave numbers
indicate the presence of strong hydrogen bonds
(zawadki, 1989). The band at 2900 cm™ is due to
aliphatic unit as symmetric and asymmetric
stretching C — H, CH, or CH;3 bonds. The aldehyde
group of — O — CH; is found around 2854 cm™. The
strong band at around 1600 em™t may be ascribed
to C = Cin alkenes. The band at 1270 represents C
— N stretch in aliphatic amines. The bands from
650 — 1000 cm™* may be assigned to = C — H band
in alkenes. It is clear from these peaks that the
adsorbent has many functional groups. Most
probably these functional groups form hydrogen
bonding with adsorbate which is responsible for
adsorption.

Infrared

3.2 SEM Analysis of the Activated

Carbon:

Scanning electron microscope (SEM) was used in
order to obtain information about the surface
morphology of the activated carbons investigated.
Figure 3 shows the SEM photographs of the raw
and phragmite australis treated with 40% H3;PO,
calcined at 450 and 500 °C. As depicted from
Figure 3, an important change in the surface
characteristics and the size of the pore spaces is
seen after calcinations process. The large pores
created by increasing the calcinations temperature
promote the activation in the internal surface of
carbon particles and also, the possibility of good
adsorption properties.

3.3 Effect of pH:

The pH of the solution affects the surface charge
of the adsorbents as well as the degree of
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ionization of different pollutants (Singh and Nayak,
2004). The hydrogen ion and hydroxyl ions are
therefore the

adsorbed quite

strongly and

kinetics an

adsorption of other ions is affected by the pH of
the solution. Change of pH affects the adsorptive
process through dissociation of functional groups

on the adsorbent surface active sites.

This

d

equilibrium  characteristics

adsorption process.

Table 1: Characteristics of the selected dyes for the adsorption study

Properties cv RB
Amax (nm) 591 554
C.l. number 42555 45170
C.l. name Basic Violet 3 Basic Violet 10
Class Triarylmethane Rhodamine
Colour Blue Violet Red
Mol.weight 407.9 479.0
Mol.formula Cy5H30N;CI CygH3:N,05Cl

Table 2: Textural characteristics of the activated carbon derived from Phragmite australis

calcined at different temperatures

Sample CR-400°C CR-4502C CR-5002C
BET surface area (m’/g) 319 303 282
Total pore volume (cm’g™) 0.16 0.15 0.14
Average pore diameter (A) 19.8 19.7 19.5

Table 3: Isotherm parameters obtained for the adsorption of CV and RB on
phragmite australis ( Co =100 ppm,CR-450 2C)

subsequently leads to a shift in the reaction

of

cv RB
Isotherm models
30 eC 40 °C 60 2C 30 eC 40 °C 60 2C

Langmuir
Q. (mg/g) 38.5 73.5 90.9 45.4 65.3 67.8
K.(L/mg) 0.14 0.27 0.73 0.44 0.76 0.14
R’ 0.99 0.99 0.99 0.99 0.99 0.99

Freundlich
Ke(mg/g)(mg/L)"" 1258 17.78  30.19 15.8 20.9 35.5
n 3.8 3.3 2.7 3.9 1.2 6.4
R? 0.97 0.97 0.98 0.98 0.97 0.98

Tempkin
Kt (I/mg) 4.04 1.38 2.62 6.08 5.59 9.49
B 370 166.7 126.8 349.7 223.9 259.6
R’ 0.97 0.96 0.97 0.96 0.97 0.97
Harkin's — Jura

A 1256 280.1
B 2.7 1.12
R? 0.97 0.98
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Figure 4 shows the effect of pH on the dye
removal by adsorption on phragmite australis at
an initial concentration of dye (100 mg/l) within
pH range from 2 to 12. The results showed that
the adsorption capacity of dyes by phragmite
australis was dependent on pH. It can also be
observed that the removal of CV and RB increased
with increasing pH to reach a maximum value at
pH range 4-6. No significant increase in removal
was observed beyond 7. The amount adsorbed
was low at very low pH. The RB uptake, however,
decreased significantly in the pH range 6-8. Similar
trend in g. values was observed by other workers
for basic dyes (Low et al., 1995; Rajamohan, 2009).
This trend may be explained on the basis of the

fact that at pH below 6, the RB ions readily enter
into the pore structure of the common reed
surface, whereas at pH beyond 6, RB will associate
in acidic solution to form dimmers and possibly
larger micelles. Such a large group of molecules
will not have an easy penetration through the
surface layer of common reed. The different
investigated (CV and RB) dyes will experience
different physical and electrostatic forces
according to their structure, molecular size and
functional groups. Similar views have been
expressed by earlier workers (Allen et al., 1989). In
this study, the adsorption capacity decreased in
the order RB > CV.

Table 4: Kinetic parameters for the removal of CV and RB by Phragmite australis calcined at different
temperatures ( Co=100 ppm)

Kinetic Model Dye Temperature
Pseudo-first order CR-400 °C CR-450 °C CR-500 °C
Ky(min™) 0.004 0.007 0.005
ge; (mgg) 23.71 25.11 23.5
R? 0.86 0.86 0.87
Pseudo-second order
Ka(g mg™min-1) Crystal Violet 0.001 0.0007 0.001
qe; (mg g-1) 40.0 37 26.6
R? 0.96 0.95 0.96
Intraparticle diffusion
Kig(mg g min™?) 35 3.2 26
C(mggh 7.5 5 5.5
R’ 0.99 0.99 0.99
Pseudo-first order
Ky(min™) 0.008 0.009 0.01
a1 (mg g™) 26.3 33.1 34.7
R? 0.87 0.86 0.87
Pseudo-second order
K,(g mg 'min-1) Rhodamine B 0.009 0.002 0.0008
Q, (mg g-1) odamine 53.5 50 47.6
R 0.99 0.98 0.99
Intraparticle diffusion
Kip (mg g min™?) 3.77 4.45 3.22
Cp (mgg™) 22 205 125
R’ 0.96 0.96 0.97
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Table 5: Thermodynamic parameters for adsorption of CV and RB on Phragmite australis (C, = 100 ppm)

CV dye
Temperature (K) AG® AH2 ASe
(KImol™) (KImol™) (Jmolk?)

303 -29.68 24 159.95
313 -30.20
333 -34.87

RB dye
303 -30.85
313 -28.88 34.5 191.84
333 -35.43

(...

S o S sl PR
o L.

Rhodamine B

Figure 1: Structure of the selected basic dyes for the adsorption  study
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Figure 2: FTIR spectra of phragmites australis calcined at different temperatures.
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Raw
CR-450°C
CR-500°C
E Sm ' X1000
Figure 3: SEM micrographs of phragmites australis (raw,CR-450°C and 500°C)
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Figure 4: Effect of pH on the adsorption of dves onto phragmite australis
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Figure S:Effect of adsorbent mass on the adsorption of dyves by phragmites
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Figure 6: Effect of contact time on the adsorption ofdyves onto phragmite
australis at different temperamres
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Figure 7: Langmuir adsorption isotherms for the adsorption of CV and RB onto
phragmites australis at di fferent tem peratures
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Figure 8: Pseudo-second order kinetic plots for the adsorption of CV and RB onto
phragmite australis at different temperatures
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Figure 9: Intraparticde diffusion plots for theremoval of CV and RB dyve by

phragmite australis

3.4 Effect of Adsorbent Dose:

The effect of common reed dosage on removal of
RB and CV dyes is shown in Fig.5. To study the
effect of adsorbent dose on dyes adsorption,
different amounts of adsorbents varying from
0.05g to 1g were respectively added to initial
concentration 100 mg/L RB and CV solution. The
mixtures were shaken into 250 ml stoppered flasks
at 302C until equilibrium time was reached. It can
be seen from Figure 5 that the percentage removal
increased with the increase in the activated carbon
dosage from 0.05 to 0.1 g. The CV percentage
removal increased from 23 to 89% while RB
percentage removal increased from 38 to 97%,
respectively. This increase was due to the
availability of more surface active sites and
porosity resulting from the increased dose of the
adsorbent (Kannan and Sundaram, 2001; Garg et
al., 2003).

3.5 Effect of Contact Time:

The contact time between the pollutant and the
adsorbent is of significant importance in the
wastewater treatment by adsorption. In physical
adsorption, most of the adsorbate species are
adsorbed within a short interval of contact time.
However, strong chemical binding of the
adsorbate with adsorbent requires a longer
contact time for the attainment of equilibrium.
Available adsorption studies in literature reveal
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that the uptake of adsorbate species is fast at
initial stages of the contact period, and thereafter,
it becomes slower near equilibrium. This is obvious
from the fact that a large number of vacant
surface sites are available for adsorption during
the initial stage, and after a lapse of time, the
remaining vacant surface sites are difficult to be
occupied due to repulsive forces between the
solute molecules on the solid and bulk phases. The
effect of contact time on the adsorption of CV and
RB by the adsorbents calcined at different
temperatures was studied for a period of 3h. It has
been observed that the amount of adsorption
increases rapidly in the beginning till 40 min then
attains equilibrium afterwards. For CV and RB
adsorption onto common reed, the percentage
removal of the dye was found to be CV>RB at any
contact time. This trend was observed because CV
which has a smaller size could get adsorbed more
deeply than RB which was big enough not to
adsorb much greater size. Fig.6 represents the
effect of contact time on the adsorption of dyes
onto common reed at different temperatures.
From this figure, it is shown that all the curves of
contact time are single, smooth and continuous
leading to saturation. These curves indicate the
possible monolayer coverage of dye on the surface
of common reed (Inbraj and Sulochana, 2002).
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3.6 Theory of Adsorption Isotherms:

The purpose of the adsorption isotherms is to
relate the adsorbate concentration in the bulk and
the adsorbed amount at the interface (Astoe and
Dalton, 2000) and give a comprehensive
understanding on the nature of interaction. The
parameters obtained from different models
provide important information on the surface
properties of the adsorbent and its affinity to the
adsorbate. Several isotherm equations have been
developed and employed for such analysis.

3.6.1 Langmuir Isotherm:

The Langmuir theory assumes homogeneous type
of adsorption within the sorbent and predicts
monolayer coverage of the adsorbate on the outer
surface of the adsorbent (Langmuir, 1918). The
Langmuir adsorption isotherm has been
successfully used to explain the adsorption of basic
dyes from aqueous solutions (Hameed et al., 2007;
Tan et al., 2007). The linear form of the Langmuir

isotherm is represented by the following equation:
Ce _ Ce 1

=24 (1)
Qe Qo K1 Qo

where C, is the equilibrium concentration (mg/L),

Q,is the maximum adsorption capacity

corresponding to complete monolayer coverage
on the surface (mg/g) and K, is the Langmuir
adsorption constant related to the adsorption
efficiency. The linear plots of C,/ Q. versus C,
suggest the applicability of the Langmuir
isotherms. The Langmuir constants Q, and b were
determined from the slope and intercept of the
plot and are represented in Table 3. The shape of
the Langmuir isotherm was investigated by the
dimensions constant separation term (R;) to
determine high affinity adsorption and is

expressed as R, =

L where C, is the highest
1+b Co

initial concentration of adsorbate (mg/L) and b
(L/mg) is the Langmuir constant. The parameter R,
indicates the nature of shape of the isotherm as
given:

R, Adsorption
R; >1 Unfavorable
R, =1 Linear
O<R;<1 Favorable
R, =0 Irreversible

In the present investigation, the R values were
less than one which shows that the adsorption
process was favorable. From the results, it is clear
that the values of Q,(adsorption efficiency) and b
(adsorption energy) of the carbon increases on
increasing the temperature. From these values, it
is concluded that the maximum adsorption
corresponds to a saturated monolayer of
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adsorbate molecules on the adsorbent surface.
The values of Q, and K are given in Table 2.

3.6.2 Freundlich Isotherm:

The Freundlich isotherm considers multilayer
adsorption with a heterogeneous energetic
distribution of active sites, accompanied by
interactions  between adsorbed molecules
(Freundlich, 1906). The linear Freundlich isotherm
is expressed as:

logq, =logky + %log C. (2)
where kg is the Freundlich constant and is related
to the binding energy, and n is a measure of the
adsorption intensity or surface heterogeneity (a
value closer to zero represents a more
heterogeneous surface). A plot of logg, versus
log C, enables the empirical constants krand n to
be determined from the intercept and slope of the
linear regression. The values of krand n are given
in Table 2 and the linear plots are represented in
Figure7.

3.6.3 Temkin Isotherm:

Temkin isotherm takes into account the effect of
some indirect adsorbate/adsorbate interactions on
adsorption isotherms. This isotherm assumes that
(i) the heat of adsorption of all the molecules in
the layer decreases linearly with a coverage due to
adsorbate — adsorbate interactions, and (ii)
adsorption is characterized by a uniform
distribution of binding energies, up to some
maximum binding energy (Gottipati and Mishra,
2010). The linear form of Temkin isotherm is
represented by the following equation:

q. =BInA+BInC, (3)
where B is the Temkin constant and is related to
the heat of adsorption and is equal to RT/b and A
is the equilibrium binding constant (L/mg). A plot
of q, versus In C, enables the determination of the
constants A and B. The constants A and B together
with the R* values are shown in Table 2.

3.6.4 Harkin's — Jura Isotherm:

Harkin's — Jura isotherm assumes the presence of
multilayer adsorption with the existence of
heterogeneous pore distribution (Gurses et al.,
2006). The Harkin's — Jura isotherm is expressed

as:
1 B

L= (0) - enc, @
where C, is the equilibrium concentration of the
dye in solution (mgL™), q. is the amount of dye
adsorbed onto the adsorbent (mgg") and A,B are

the isotherm constants. The plot of
The

— versus
de
is

log C, represents a linear plot. otherm
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constants as well as the correlation coefficient are
given in Table 2.

The non - linear R’ values, based on the actual
deviation between the experimental points and
the theoretically predicted data points, provide a
better correlation of experimental data and are
shown in Table 3. It was observed that the
Langmuir isotherm fits better to the experimental
data than do the other adsorption isotherms
studied for the CV and Rb dye adsorption on the
activated carbon derived from phragmite australis.

3.7 Adsorption Dynamics:

The kinetics of adsorption is one of the important
characteristics in defining the efficiency of
adsorption. It also describes the rate of adsorbate
uptake on activated carbon. Three kinetic models
were studied and used to fit the experimental data
from the adsorption of dyes onto phragmite
australis (common reed). These models are the
pseudo — first order, pseudo — second order and
intraparticle diffusion model.

3.7.1 Pseudo - first order Kinetic Model:

The pseudo — first order kinetic model can be
represented by the following Lagergren rate
equation (Lagergren, 1898):

log(qe — q.) =logq. — (5)
where ¢, is the amount of adsorbate adsorbed at
time t (mg/g), q.is the adsorption capacity in
equilibrium (mg/g), K; is the pseudo — first order
rate constant (min™). The values of g, and K; for
the pseudo — first order kinetic model were
determined from the intercepts and the slopes of
the plots of log(q. — q;) versus t, respectively.
The parameters of the pseudo — first order model
are given in Table 4. The correlation coefficient
(R?) changed in the range 0.86-0.87 for CV and RB,
respectively. This suggests that the kinetics of CV
and RB adsorption on phragmite australis did not
follow the pseudo —first order kinetic model.

3.7.2 Pseudo -
Model:

The adsorption mechanism over a complete range
of the contact time is explained by the pseudo —
second order kinetic model (Liu, 2008). The

integrated linear form of the model is as follows:
t 1 t

- = 7+ — (6)
qt Kaqg de
where ¢, is the amount of adsorbate per unit mass
of adsorbent at equilibrium (mg/g), q; is the
amount of adsorbate adsorbed at contact time t
(mg/g) and K, is the rate constant of the pseudo —

second order adsorption (g/mg.min).

second order Kinetic
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t . . . .
A plot of ” versus t gives a linear relationship,
t

from which g, and K, can be determined from
the slope and intercept of the plot respectively.
The data for the adsorption of CV and RB onto
phragmite australis applied to pseudo — second
order model is shown in Figure 8 and the results
are given in Table 4. This procedure is more likely
to predict the behavior over the whole range of
adsorption. The corresponding correlation
coefficients (R®) values for the pseudo —second
order kinetic model were greater than 0.99 for all
CV and RB concentrations, indicating the
applicability of the pseudo — second order kinetic
model.

3.7.3 Intraparticle Diffusion Model:
The adsorption mechanism may proceed in several
steps, the slowest of which will be the rate
determining step. In general, pore and
intraparticle diffusion are often rate limiting in a
batch reactor system. However, the pseudo — first
and pseudo — second order models can not give
information or evaluate the contribution of
intraparticle diffusion to the sorption mechanism.
For this reason, Weber and Moris suggested a
kinetic model to identify the diffusion mechanisms
and rate controlling steps that affect the
adsorption process (Weber and Chakravarthi,
1974). It is empirically a functional relationship,
common to adsorption processes, where uptake
varies almost proportionally with t Y2 rather than
with the contact time t (Hameed et al, 2008).
According to this theory, the intraparticle diffusion
equation is expressed as follows:

qr = kig t'? + C (7)
where k;zis the intraparticle diffusion rate
constant (mg/g.min1/2) and C is the intercept
(mg/g). According to equation 7, a plot of g, versus
t'/2 should be a straight line with a slope k;; and
intercept C when adsorption follows the
intraparticle diffusion process. Value of the
intercept give an idea about the thickness of the
boundary layer, i.e., the larger the intercept the
greater is the boundary layer effect (Kannan and
Sundaram, 2001). Figure 9 shows the amount of
dye adsorbed versus /% for the removal of CV and
RB dye by phragmite australis. The data is given in
Table 4. As seen from figure 9, the plots are not
linear over the whole time range, which indicates
that more than one mode of adsorption, is
involved in the dye adsorption. The adsorption
mechanism for any dye removal by an adsorption
process may be assumed to involve the following
four steps: (i) bulk diffusion; (ii) film diffusion; (iii)
pore diffusion or intraparticle diffusion; and (iv)
adsorption of dye on the sorbent surface (Khaled
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et al., 2009). From figure 9, it may be seen that
there are two separate regions — the first straight
portion is attributed to macropore diffusion (phase
1) and the second linear portion to micropore
diffusion (phase Il) (Allen et al, 1989). The first
part of the curve (tl/2 from 0 to 5 min) can be
attributed to mass transfer effects taking place
with boundary layer diffusion, while the final linear
parts indicate intraparticle diffusion( very slow
diffusion of the adsorbates from the surface film
into the micropores, which are least accessible
sites of adsorption). The intercept, however, did
not cross the origin in any of the test conditions,
thereby suggesting that pore diffusion is the only
controlling step and not film diffusion.

3.8 Effect of Temperature and

Thermodynamic Parameters:
A range of reaction temperatures (30, 40 and 60
oC) were used and the flasks were agitated for 90
min. A 0.1 g sample of activated carbon derived
from phragmite australis was added to 50 ml
volume of dye solution set at optimum pH and
agitated at 200 rpm for all the experiments. The
experiments were carried out at initial dye
concentration 100 mg/L for all the studies. It has
been believed that the temperature generally has
two major effects on the adsorption process.
Increasing the temperature will increase the rate
of diffusion of the adsorbate molecules across the
external boundary layer and in the internal pores
of the adsorbent particle, owing to the
decrease in the viscosity of the solution. In
addition, changing the temperature will change
the equilibrium capacity of the adsorbent for a
particular adsorbate (Al-Qodah, 2000). Results
show that the amount of CV adsorbed increased
from 38.5% to 90% and that of RB increased from
45% to 67% when the temperature increased from
30 to 609C. These results imply that adsorption
process for MB and CV would be endothermic.
Thermodynamic parameters such as change
in free energy AG2 (KJ/mol) and enthalpy AH?

(K)/mol) and entropy AS? (J/K/mol) were
determined using the following equations:
k, = solid/Cliquid (8)
AG®° = —RTInk, (9)
AG® = AH® —T AS° (10)
Ink, = A%O - % (Van't Hoff Equation)

(11)

where k, is the equilibrium constant, Cg,;;4 is the
solid phase concentration at equilibrium (mg/l),
Ciiquia is the liquid phase concentration at
equilibrium (mg/l), T is the temperature in Kelvin,
and R is the general gas constant. AH° and A4S°
values obtained from the slope and intercept of
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Van't Hoff plots are represented in Table 5. The
positive value of AH? indicate the endothermic
nature of adsorption which governs the possibility
of physical adsorption. In case of physical
adsorption, increasing the temperature of the
system leads to an increase in the extent of dye
adsorption. This indicates that there is no
possibility of chemisorptions (Arivoli et al., 2007).
The low values AH°depicts that the dyes are
physisorbed onto phragmite australis. The
negative values of AG° (Table 5) show that the
adsorption is highly favorable and spontaneous.
The positive values of AS° (Table 5) show the
increased disorder and randomness at the solid
solution interface of CV and RB with the phragmite
adsorbent. The enhancement of adsorption
capacity of the activated carbon at higher
temperatures was attributed to the enlargement
of pore size and activation of the adsorbent
surface (Gong et al., 2005).

4. Conclusions:

The equilibrium, kinetics and thermodynamics for
the uptake of Rhodamine B and Crystal Violet by
phragmite australis from aqueous solution were
studied. The adsorption data was fitted best in the
Langmuir adsorption model. The fitness of
Langmuir's model indicated the formation of
monolayer coverage of the sorbate on the
outersurface of the adsorbent. The kinetic data
agreed well with the pseudo — second order rate
equation. The result of intraparticle diffusion
model suggests that pore diffusion is the only
controlling step and not film diffusion. The
negative values of AG° and positive values of AH®
and AS° indicated that the adsorption is
spontaneous, endothermic and favorable.
Phragmite australis used in this work offers greater
wastewater treatment than other activated
carbons prepared from waste materials which
suggests to be a promising low — cost adsorbent
for the removal of CV and RB from aqueous
solution.
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