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Highly active carbons X1 and X2 were prepared from the seeds of Xanthium strumarium L using Phosphoric
acid and KOH as chemical activating agents respectively. The adsorption ability of the prepared adsorbents

was analysed using Congo Red (CR) dye. The SEM images show that the adsorbent has well developed porosity with more
adsorption functionalities. Both the adsorbents show a decreasing trend of adsorption on increasing the pH due to repul-
sion of similar charges at higher pH. Increase in sorptive removal of CR with increase in temperature may partly attribute
to chemisorptions as well as endothermic nature of adsorption. Out of six isotherm models tested the Langmuir, Freun-
dlich and Harkins-Jura isotherms are more appropriate to demonstrate the adsorption with a high correlation coefficients.
Pseudo second-order model better represents the adsorption kinetics between the carbon and CR. The adsorption rate
is film diffusion controlled during the initial stages of the adsorption of CR and in the later stages the rate is controlled by

intra particle diffusion.

1.0 Introduction

Pollution of water bodies is increasing steadily due to rapid
population growth, industrial proliferations, urbanisations,
increasing living standards and wide spheres of human ac-
tivities. The deterioration of the aesthetic and life supporting
qualities of natural water resources by mixing of coloured in-
dustrial effluents containing organic dyes and inorganic com-
plexes. The textile industries convert about 50 million tons
of fibre in to textile annually. The textile industry plays an
important role in the economy of the country like India and it
accounts for around one third of total export. Out of various
activities in textile industry, chemical processing contributes
about 70% of pollution. It is well known that cotton mills con-
sume large volume of water for various processes such as
sizing, desizing, scouring, bleaching, mercerization, dyeing,
printing, finishing and ultimately washing. Waste stream gen-
erated by textile industry is essentially based on water-based
effluent generated in the various activities of wet processing
of textiles.

Dye wastewater is commonly characterized as high in salt
and organic content and low in biodegradation potential
[Alinsafi, Khemis, Pons, Leclerc, Yaacoubi, Benhammou &
Nejmeddine (2005)] are treated by methods like coagulation,
foam flotation, filtration, ion exchange, aerobic and anaero-
bic treatment, advanced oxidation processes, solvent extrac-
tion, electrolysis, microbial reduction, and activated sludge.
All these process have some noteworthy disadvantages,
which include insufficient removal of pollutants, high capital
costs, high reagents and/or energy requirements, and gen-
eration of toxic sludge or other waste products that require
further safe disposal [Amit Bhatnagar, Vitor, Vilar, Cidalia, Bo-
telho, & Rui. Boaventura (2011)]. Amongst these technolo-
gies, adsorption is considered as the most versatile process.
Activated carbon has been found to be a very promising
adsorbent and is commonly used for the removal of diverse
types of pollutants from water and wastewater [Bansal, &
Goyal (2005)].

Dyes may be classified in a number of ways including colour,
chemical constitution, internal use, trade name and based on
application. Direct or substantive dyes are a special class of
dyes which penetrate readily cellulosic fibres due to their size
and shape and also have good affinity. These dyes have long
narrow and flat in molecular structure, which allows them to

readily enter the cellulose structure and interact with the cel-
lulose to provide good fibre affinity. The mixing of these dyes
also deduces the dissolved oxygen content in water streams
[Sivakumar, Asaithambi, Jayakumar, & Sivakumar. (2010)].

Adsorption processes using activated carbons have been
widely proposed and used for the removal of both organic
and inorganic pollutants from aqueous effluents. However,
commercially available activated carbons are expensive and,
in recent years, a great deal of effort has been put into the
proposal and usage of low-cost adsorbents prepared from
naturally occurring materials and  wastes for the removal of
dyes from wastewaters. Agricultural wastes are the chief raw
materials being studied for this purpose, for they are renew-
able, usually available in large amounts and potentially less
expensive [Reza Ansari., Babak Seyghali., Ali Mohammad-
khah., & M. Ali Zanjanchi (2012)]. The most challenging are
anionic dyes because they are bright coloured, water soluble,
reactive and show acidic properties. Congo red (CR) is an ex-
ample of anionic di azo dye discharged in waste water from
textiles, printing, dying, paper and plastic industries [Purkait,
Maiti, DasGupta, & De S. (2007)] also it is used in bio-chem-
istry and histology in microscopic preparations [Vijayakumar,
Dharmendirakumar, Renganathan, Sivanesan, Baskar & Kup-
pannagounder (2009)].

The treatment of contaminated waste water with CR is not
easy, since the dye is generally present in sodium salt form
giving it very good water solubility. The stability of its struc-
ture makes it difficult to biodegrade, photo degrade [Vimons-
es, Lei, Jin, Chow, & Saint (2009)] and persists in environ-
ment Gharbani, Tabatabaii, & Mehrizad (2008)]. Attempts are
made for the removal of CR by using Chitoson [Sudipta Chat-
terjee, Dae S.Lee, Min W.Lee, & Seung H.Woo. (2009)], Eth-
ylenediamine modified rice hulls [Siew-Teng ong, Eng Hooi
Tay., Sie-Tiong Ha., Weng-Nam Lee., & Pei-Sin Keng. (2009)],
Hydrogen Peroxide treated Tendu Waste [Nagda & Ghole
(2009)], Soil [Smaranda, Gavrilescu, & Bulgariu, (2011)], Ben-
tonite [Emrah Bulut, Mahmut Ozacar, & Ayhan Sengil (2008)],
Banana pith [Namasivayam, & Kanchana (1993)], rice hull ash
[Kan-Sen Chou, Jyh-Ching Tsai, & Chieh-Tsung Lo. (2001)],
and cashew nut hull [Senthil Kumar Ponnusamy., & Ramal-
ingam Subramaniam. (2013)] etc. was already reported. The
ability of removal of CR dye from aqueous solution by using
an activated carbon prepared from, seeds of widely avail-
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able weeds Martynia annua L and Xanthium Strumarium L.
an agricultural waste by- product subjected to various chemi-
cal treatments was studied and reported by the same author
[Vadivel Sivakumar, Manickam Asaithambi, & Ponnusamy Si-
vakumar. (2012)].

In this work, we have reported the performance of Phosphor-
ic acid and KOH modified activated carbon derived from
seeds of Xanthium strumarium L by named as X1 and X2 as
a sorbent for adsorption of Congo Red, a typical anionic dye
(CR) from aqueous solutions. The adsorption capacities of X1
and X2 for CR dye removal were evaluated in batch systems.
Batch experiments were performed for finding the optimized
dye removal conditions and obtaining adsorption isotherms.

The influence of various operating parameters such as the
effect of pH influent dye concentration, temperature also
reported. The equilibrium and kinetic parameters are stud-
ied to describe the velocity and mechanism of adsorption
process to determine the factor controlling the adsorption
rate and to realize the possibility of using of these agricultural
waste derived activated carbons as low-cost adsorbents for
the removal of CR. The physical nature and surface morphol-
ogy of the adsorbent had been known on the basis of their
SEM images, XRD, and BET isotherm studies.

2.0 Materials and Methods
2.1 Adsorbent preparation

Seeds of Xanthium strumarium L collected from Erode Dis-
trict, Tamilnadu, India were used for the preparation of ad-
sorbent. The waste seed were thoroughly rinsed with water
to remove dust and the soluble material and was allowed
to dry at room temperature. The dried natural waste was
treated with Phosphoric acid and KOH. After impregnation,
the excess acid/base was decanted. The treated mass was
subjected to carbonization at 400 °C and powdered well. It
was washed with excess of water to confiscate excess acids
present. The material was sieved activated at 800 °C for a
period of 10 minutes.

2.2 Characteristics of adsorbent

The preparation and physico- chemical characterization of X1
and X2 activated carbons was already reported in the previ-
ous paper [Vadivel Sivakumar et al (2012)]. Carbon particles
with a mesh size of 350 to 125y were taken for the adsorp-
tion studies. The specific surface area and the pore structure
of the Carbon samples were determined by using a surface
area and pore size analyzer (Micrometrics, ASAP 2020 V3.00
H Instrument) on nitrogen adsorption at -195.759 °C. The
specific surface area was calculated using the BET equation.
The BET data, BJH Desorption Pore Distribution Report, Hor-
vath-Kawazoe Report of X3 and BET data of X4 were listed
in Table 1.

The microstructures of X1 and X2 carbons were observed by
Scanning Electron Micrograph (JOEL/EO 1.1 Model: JSM
5610) and are shown in Fig. 1a and 1b.

2.3 Preparation of Adsorbate

Congo red was supplied by Chamundi Textiles (Silks Mills)
LTD, Mysore, India. A stock solution of CR dye was prepared
(1000 mg/L) by dissolving a required amount of dye powder
(based on percentage purity) in deionized water. The stock
solution was diluted with deionised water to obtain the de-
sired concentration ranging from 10 to 75 mg/L. The concen-
tration of CR in the experimental solution was determined by
measuring the absorbance of CR solutions at Kmax=498nm
using a UV-Vis spectrophotometer (Perkin-Elmer).

2.4 Adsorption Studies

The pH of the solution was measured with a Elico pH meter
(model LI 120) using a combined glass electrode. Adsorption
experiments were conducted as per the design developed
with response surface central composite design methodol-
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ogy. The experiments were carried out in 250-mL Erlenmeyer
flasks with the working volume of 100 mL of reaction mixture
containing fixed carbon dosage of 100 mg of respective car-
bon samples. The initial pH of the solution was adjusted to
the desired value by adding 0.1 M NaOH or HCI. The flasks
were shaken for the specified time period in 150 rpm in an
orbital shaker (Rivotec). The flasks were withdrawn from the
shaker after the desired time of reaction. The residual dye
concentration in the reaction mixture was analyzed by centri-
fuging (5,000 rpm, R-24 REMI Centrifuge) the reaction mix-
ture and then measuring the absorbance of the supernatant
at the wavelength that corresponds to the maximum absorb-
ance of the sample.

The effect of initial pH for 50mg/L dye concentration was
studied in the pH range from 2 to 10 with a fixed carbon
dosage agitated for 2 hours at room temperature. The effect
of temperature on adsorption was studied at four different
temperatures from 35 to 60°C for 75mg/L dye solution with
a fixed carbon dosage (100mg/100mL). The amount of dye
adsorbed per unit mass of the adsorbent g mg/g and adsorp-
tion efficiency were calculated as follows:

C —
Efficiency (%) = G-9
o
Where, C; = initial dye concentration (mg/L), C = residual dye
concentration (mg/L),

3.0 Results and discussion
3.1 Adsorbent Characteristics
3.1.1 Scanning Electron Micrographs (SEM)

The scanning electron microscopic (SEM) micrographs of X1
and X2 are shown in Fig. 1a and 1b respectively. The SEM of
X1 (Fig. 1a) indicates a heterogeneous, porous morphology.
Based on the BET analysis carried out for X1 and X2, the spe-
cific surface area of X1 was found to be more (279.6774 m?/q)
compared with X2 (4.5547 m?/g). So, it might be concluded
that dye uptake by X2 is not governed by its surface area; in-
stead the surface chemistry of the X2 due to the presence of
various functional groups determines its sorption properties.
Where as carbon X1 having larger surface area the dye up
taking property governed by presence of long pores inside
in it evident by its SEM images.

Fig. 1b

Fig. 1a & 1b - SEM images of X1 and X2

3.2 Effect of Solution pH value on dye adsorption

The pH affects the structural stability of CR which leads to
change in its colour intensity [14]. Aqueous solution of CR
turns blue in colour at lower pH and it turns red colour in
higher pH values. At lower pH values it exists as dipolar mol-
ecule (H,N* -R-X-3). The experiments carried out at different
pH from 2 to 12 shows that there is a change in the per cent
removal of dyes over the entire pH range which is shown in
the Fig. 2. In carbon X1 the percentage of CR removal de-
creases from 73 at pH 2 to 44 at pH 5. When pH reaches
6 the removal percent increases from 44 to 54. This large
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increase may because of the zero point charge of the car-
bon X1. The reported pHzpc of carbon X1 is 6.2 and X2 is
7.8 [Vadivel Sivakumar et al].At the zero point charge, the
carbon surface doesn’t have any charge and the adsorption
of CR begins without electrostatic interaction between dye
molecule and surface groups on the carbon. Both the car-
bons show considerable increase in adsorption percent at
their respective pH, . Initially there is a drastic decrease in
dye removal was observed in carbon X2 from 99.5% to 44%
while increasing the solution pH 2 to 6. After this pH, a slight
increase in CR removal was observed near its pHzpc. The dye
removal further decreases and it reaches 46.5% for carbon X1
and 42.5% for X2 at solution pH reaches 12.
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Figure 2 - Effect of pH for the adsorption of CR onto X1
and X2

From electro kinetic studies of carbon surfaces, the nature
and the concentration of the surface charge can be modi-
fied by changing the pH of the solution. The surface of the
carbon attained positive charge below its zero point charge
and becomes negative charge above its zero point charge to
a certain range of pH. In the aqueous phase, the dye is first
dissolved and the sulfonate groups of the dye (D-SO3Na)
are dissociated and converted to anionic dye ions at natural
solution pH of 6.8 [Emrah Bulut, Mahmut Ozacar, & Ayhan
Sengil (2008)]. At pH below the isoelectric point, a dye ex-
ists predominantly in the molecular form, while above the
isoelectric point it exists with a higher proportion in its dis-
sociated form. The isoelectric point of CR is 3, thus CR would
be exists in the form of negatively charged sodium diphenyl
diazo-bis-K-naphthylamine-4-sulfonate ions at pH range 5.0
to 10.0 [Emrah Bulut et al, Zhang, Moghaddam, O’Hara, &
Doherty (2011)].

D-® N 5>D-8 , +4 °

At lower pH excessive protonation leads the carbon sur-
face more positive in nature. Lower pH is favoured for the
electrostatic interaction between carbon and CR. However,
the presence of -N=N- and -NH, groups in CR and they will
be protonized in a much lower pH solution. The protoniz-
ing of these groups is not favourable for this interaction. The
negatively charged dye molecules attracts by them through
strong electrostatic force of attraction. The amount of posi-
tive nature decreases while increase the solution pH, the dye
removal also decreases. But at pH,__the carbon surface is
neutral and the intrusion of dye molecules in to the pores of
the adsorbent prevails without electronic forces. The surface
area of the carbon X1 is considerably higher compared with
carbon X2. The electrical neutrality of carbon X1 increases
the adsorption process more than 10% in to its pores than
carbon X2 at pH, . Since it has lesser surface area, only 3%
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enhanced removal is observed near at neutral pH.

3.3 Effect of Temperature

The effect of temperature for the adsorption of CR (75mg/L)
on X1 and X2 were carried out at five different temperatures
from 30 to 60°C. The percentage of colour removal slowly
decreases in X1 from 63 to 60 up to 40°C. Raise in 10°C
doesn’t enhance the dye adsorption. Whereas in X2 even
5°C raise in temperature increase the dye up taking ability up
to 20%. It implies high temperature favours the CR removal
in X2. This may because of increase in mobility of the large
dye ion.

The enhancement of adsorption capacity of the adsorbent
at high temperatures may be also attributed to the enlarge-
ment of pore size and activation of the adsorbent surface.
Since it posses very low surface area at normal temperature,
increase in temperature increasing the number of molecules
may acquire sufficient energy to undergo an interaction with
available active sites on the carbon surface. Therefore in-
crease in sorptive removal of CR with increase in temperature
may partly attribute to chemisorptions. The increase in the
adsorption capacity upon increasing the temperature indi-
cates that each adsorption was an endothermic process. In
X1 adsorption through physical forces prevails, temperatures
have no effect on dye removal. Further raise in temperature
from 40°C to 60°C it is observed that the dye adsorption is
decreases in both the carbons.

3.4 Equilibrium isotherms for CR adsorption on activated
carbon

The mechanism of adsorption can be studied by various ad-
sorption isotherms. Adsorption isotherm usually describes
the equilibrium concentration of adsorbate in the bulk of the
solution and amount adsorbed at the surface. Analysis of iso-
therm data is fundamentally important to predict the adsorp-
tion capacity of the adsorbent for designing an adsorption
system. The data obtained were analysed according to the
Langmuir, Freundlich, Temkin, Dubinin-Radushkevich (D-R),
Harkins—Jura and Halsey isotherm models. The linear, non-
linear equations, plots of these isotherm models are shown
in Table 2.

3.4.1 Langmuir Isotherm

The correlation of the experimental adsorption data with a
number of adsorption models was undertaken to gain an
understanding of the adsorption behaviour and the hetero-
geneity of the adsorbent surface. The Langmuir Isotherm as-
sumes monolayer coverage of adsorbate on finite number
of uniformly energetic adsorption sites within the adsorbent
surface, with no lateral interaction and steric hindrance be-
tween the adsorbed molecules. Once an adsorbate mol-
ecule occupies a site, no further adsorption can take place at
that site. Thus, an equilibrium value can be reached and the
saturated monolayer curve can be expressed by this equa-
tion. The linear form of Langmuir isotherm is presented in
Table. 2. Where, Ce is the equilibrium concentration of CR
(mg/L) in the solution, q_ is the amount of CR adsorbed per
unit mass of adsorbent (mg/g), Qo and b, are constants re-
lated to adsorption capacity (mg/g) and energy of adsorp-
tion (L/mg). Plot of Ce/q_ against Ce gave straight line with
positive slope (1/Qo) and intercept with b, (Fig.3a and 3b)
indicating the adsorption of CR on X1 and X2 follows the
Langmuir isotherm. The Langmuir isotherm was found to be
linear over the entire concentration range with good linear
correlation coefficients (0.9081<R?<0.964 for carbon X1 and
0.9355<R?<0.9913 for carbon X2) fits the experimental data
very well. It may be due to the homogeneous distribution of
active sites onto the surface.
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Fig. 3a Fiz. 3b

Fig. 3a & 3b - Langmuir Plot for the adsorption of CR onto
X1 and X2

Langmuir adsorption capacity Qo slightly increases from
12.315 at 30°C to 14.641 at 40°C for X1. Increasing of tem-
perature may increase the pore width and accommodates
few more dye molecules per unit weight of the adsorbent.
The swelling of adsorption sites decreases the maximum
amount of adsorbate to form a complete monolayer on X2
is evidenced by continuous decrease of its Qo values from
30.121 at 30°C to 8.130 at 60°C. In both the carbons the
affinity of CR molecules on active sites on the surface of the
adsorbent is not too high. Decreasing of intermolecular at-
tractive forces to the raise of the distance is confirmed by its
calculated b values.

The essential characteristics of Langmuir isotherm can be ex-
pressed in terms of a dimensionless equilibrium parameter R
defined by Weber and Chakravorti [Ho, & McKay (1999)] is.

1

R=1+5,,)

Where, C is the initial concentration of CR in mg/L, R value
indicated the type of adsorption isotherm to be either unfa-
vourable (R >1), favourable (R <1), linear (R =1) or irrevers-
ible (R =0).

The adsorption of CR on to X1 and X2 is favourable at the
four temperatures evident from its calculated R values
(0.4576<RL<0.5584for X1 and 0.3930<RL<0.617%for X2).
The calculated values of Langmuir constants b, Q,, correla-
tion coefficient, dimensionless equilibrium parameter R were
listed in Table 3.

3.4.2 Freundlich isotherm model

This model can be applied to non-ideal and reversible mul-
tilayer adsorption systems on heterogeneous surfaces; it has
not restricted the monolayer formation. The linearized form
of Freundlich equation is given in Table 2. Where Kf is the
measure of adsorption capacity (L/g), n is the adsorption in-
tensity and are calculated from intercept and slope respec-
tively are listed in Table 3 from the linear plot of log ge versus
log Ce (Fig. 4a and 4b). The slope ranges between 0 and 1
is a measure of adsorption intensity or surface heterogeneity,
becoming more heterogeneous as its value closer to zero.
The value of 1/n is below unity implies chemisorption’s pro-
cess where above one is an indicative of cooperative adsorp-
tion [Haghseresht & Lu (1998)].

The calculated n values show that at normal temperature the
dye adsorption may influenced by physical forces and when
raising the temperature only chemical forces predominates in
both the carbons. The slope (1/n) values are decreased and
closer to zero when increasing the temperature indicates the
surface becomes more heterogeneous and the possibility of
swelling of the adsorption sites at higher temperature has
confirmed. It concludes at 30°C the CR removal includes co-
operative adsorption and the surfaces are homogeneous na-
ture and the increasing of temperature the surfaces become
more heterogeneous and chemisorption process prevails.
Both the carbon samples indicate that the adsorption of CR
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is favourable. The experimental data’s are excellently fitted
with this equation with high correlation coefficient values for
X1 (0. 0.9388<R2< 0.9952) and X2 (0.9556<R?<0.9675).

Fig. 4b

Fig. 4a & 4b - Freundlich Plot for the adsorption of CR
onto X1 and X2

3.4.3 Temkin model

The linear and non linear forms of Temkin equation is giv-
en in Table 2. Where A is the equilibrium binding constant
corresponding to the maximum binding energy (L/mg), B
is Temkin isotherm constant (J/mol), B is a dimensionless
constant related to heat of adsorption (function of tempera-
ture), R is the gas constant (8.314J/mole). The values of the
Temkin constants A and B calculated from the intercept and
slope respectively and correlation coefficients are listed in
Table 3 from the linear plot of InCe versus ge (Figure not
shown). This model contains a factor that explicitly taking in
to account of adsorbate- adsorbent interactions [Tempkin &
Pyzhev (1940)].

The maximum binding energy (A) is noted in X1(0.680) at
40°C implies the interaction of CR molecules with the ad-
sorption sites is more when we raise the temperature and
it stabilises (0.4879 at 50°C and 0.4668 at 60°C ) further
raising the temperature. The value of B is high at 30°C and
it is further decreased when increase the temperature. This
indicates that at lower temperature more molecules are
gets adsorbed on X1, hence the heat of adsorption is more
(7.5137). The value of B is also stabilized at higher tempera-
ture (3.2926 at 50°C and 3.0041 at 60°C). In X2, the value
of A increases to larger extent (0.3599 to 1.5556) when the
temperature changes from 30°C to 40°C respectively. This
implies when a system is influenced by thermal properties
it shows maximum binding energy. Whereas at lower tem-
perature the heat of adsorption (B) is more (5.6593 at 30°C)
and it decreases drastically at higher temperatures (1.5029
at 60°C).

3.4.4 Dubinin-Radushkevich model

The linear form of D-R isotherm is shown in Table 2. Where
ge is the amount of CR adsorbed on to per unit dosage of
Carbon (mol/g), gm is the theoretical monolayer adsorp-
tion capacity (mol/g), ® is the constant related to adsorp-
tion energy (mol? /J?). B is Polanyi potential which is de-
scribed as

e=FK h[1+]j ------------------ ?3)
C

e

Where, R is the gas constant (8.314J/mole) and T is the ab-
solute temperature in K. This model is usually applied to dis-
tinguish the physical and chemical adsorption of adsorbate
molecules with its mean free energy E (KJ/mole) per mol-
ecule of adsorbate can be calculated by the following rela-
tionship

The value of E ranges from 1 to 8 KJ/mole for physical sorp-
tion and from 8 to 16 KJ/mole for chemical sorption [Sharply
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(1983)]. Unique features of the D-R isotherm model lies on
the fact that it is temperature dependent, which when the
adsorption data at different temperatures are plotted as a
function of natural logarithm of amount adsorbed versus the
square of potential energy yields the values of gm and K from
the intercept and slope of the plot (Figure not shown) and are
listed in Table 3. As seen from the values, DR isotherm does
not fit with experimental data. It shows very low correlation
coefficients for both the carbon indicates that the adsorption
of CR on to X1 and X2 does not follow Dubinin-Radushkevich
model.

3.4.5 Halsey isotherm model

The Halsey isotherm model is used for heteroporous solids.
It is suitable for multilayer adsorption. The equation is given
in Table 2. Where K is the Halsey isotherm constant and n is
the exponent. Plot of InCe vs Inge gives a negative n values
(Figure not shown) and the value of K is calculated from the
intercept are listed in Table 3. The existence of long pores
favours the multi-layer adsorption in X1 and the data ob-
tained are fitted with minimum correlation coefficient values
0.6548<R?<0.8052 implies the presence of physical forces in
the adsorption process is ruled out. The existence of surface
heterogeneity is not ruled out in the adsorption of CR on to
X2 because the obtained data are fairly fitted with the equa-
tion 0.8745<R?<0.9367.

3.4.6 Harkins-Jura isotherm model

The linear and non linear form of Harkins-Jura isotherm
equation is given in Table 2. Where Ce is the equilibrium
concentration of CR in solution (mg/L), ge is the amount
of CR adsorbed onto the adsorbent (mg/g) and A B are
isotherm constants. The Harkins-Jura adsorption isotherm
accounts to multilayer adsorption and can be explained
with the existence of a heterogeneous pore distribution.
1/ge? was plotted vs log Ce (figure not shown) and the
isotherm constants, correlation coefficient values are listed
in Table 3. This method can be employed when different
types of pores are involved in an adsorbent. Both the car-
bon samples have slits and spherical pores on its surface.
It is confirmed by its SEM images and data obtained from
XRD studies. The experimental data obtained are fitted to
this equation with high correlation coefficients (0.9952>
R?>0.9388 for X1 and 0.9675>R?>0.9556 for X2). This im-
plies the existence of surface heterogeneity at all tempera-
tures in the adsorbent helps the trapping of dye molecules
inside the pores. The surface of the adsorbent containing
the pores which are not in uniform size and they are disti-
buted unevenly.

By comparing the correlation coefficients R? calculated to
Langmuir, Freundlich, Temkin, DR, Halsey, Harkins-Jura iso-
therms can be deduced that the experimental equilibrium
sorption data are well described by the Langmuir, Freun-
dlich, Temkin, Harkins-Jura models, when the correlation co-
efficients were high at 30, 40 50 and 60°C. The Freundlich
isotherm assumes that there is a continuously varying energy
of sorption as the most actively energetic sites are occupied
first and the surface is continually occupied until the lowest
energy sites are filled at the end of the process. All the four
models fitted with the experimental data with high correla-
tion coefficient values.

3.5 Adsorption Kinetics

Adsorption kinetics show large dependence on the physical
and chemical characteristics of the adsorbent material, and
adsorbate species present in bulk and which also influence
the sorption mechanism. In the present work in order to ex-
amine the controlling mechanism of sorption processes such
as mass transfer and chemical reaction pseudo first-order
kinetic, pseudo second- order, intraparticle diffusion and
elovich kinetic models are used.

3.5.1 Pseudo-first order Kinetic Model
The equation for first- order kinetics can be written as
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ky
log(g, —q,) =logg. —5= =t . )
Where, ge and gt are the amounts of CR adsorbed at equi-
librium and time t (min) respectively, k1 is the first-order rate
constant (min™). Linear plot of log (ge-qt) versus t was made
and values of k1 and ge were obtained from the slope and
intercept (figure not sown) as given in table 4.

The results shows that adsorption of CR onto X1doesn't fol-
low the first order kinetics. At the given temperature, the
first-order rate constant (k1) increases with the increase in
initial dye concentration. This may be because at higher ini-
tial dye concentration, the number of available binding sites,
at the X1 surface, per adsorbate molecule, increases.

The obtained R? and ge values for carbon X2 shows the dye
removal processes does not follow first order kinetics. The
adsorption data fitted poorly with pseudo-first order kinetic
model for both carbon samples and the calculated ge values
are does not agree with the experimental ge values at all
concentrations. Hence the adsorption does not follow first
order rate expression for both the carbons. The CR removal
process does not depend on either the concentration of ad-
sorbent system or adsorbate availability in the bulk.

3.5.2 Pseudo-second order Kinetic Model

Pseudo second-order model rate equation is represented as
(o t.1,

9. kg, 4.

h= kzqez

Where

Where, h represents the initial adsorption rate (mg/g min)
and k, is the second order rate constant (g/mg min). The val-
ues of k, and ge were calculated from the intercept and slop
of the t/qt versus t plots as shown in fig 5a and 5b and the
results are given in table 4. It can be seen from table 4 that
there is an agreement between experimental and calculated
ge values with high correlation coefficient values for both
the carbons. Hence the Pseudo second-order model better
represents the adsorption kinetics between the carbon and
CR. The adsorption process depends on the concentration of
both the species such as adsorbent and adsorbate. The rate
of adsorption processes depends on concentration of carbon
and CR molecules in the bulk.

L] "’ u
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- r il
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Fig. 5a Fig. 5b

Fig. 5a & 5b - Pseudo-second order plot for the adsorp-
tion of CR onto X1 and X2

3.5.3 Elovich model

The adsorption data may also be analysed by using the
Elovich equation which has the form

4.
d

=ae ™ @)
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Where, K is the initial adsorption rate constant (mg/g min)
and K is related to the extent of surface coverage and acti-
vation energy for chemisorptions (g/mg). If we assume that
XX>>1 and the integration of the rate equation with the same
boundary conditions as the pseudo first-order and second-
order equations becomes the Elovich equation

1 1
q, :Ehl(ﬂ )+Eh b e 8)

The values of K, B calculated from intercept and slop ob-
tained by plotting In t vs. gt are listed in Table 4 along with R?
values (figure not shown).

Some investigators have used K and M parameters derived
from elovich equation to estimate reaction rates. For exam-
ple, it has been suggested that an increase in X value and/
or decrease in ¥ value would increase the rate of the ad-
sorption process. The slope of the plots obtained by using
equation 8 changes with the concentration of adsorptive and
with the dye-to-carbon ratio. The obtained R? values for both
the carbons for all the concentrations are considerably high
(0.9018<R?<0.9845 for X1 and 0.8619<R?<0.9454 for X2).
This suggests that elovich model best describes this adsorp-
tion system.

3.5.4 Weber- Morris model

The Weber- Morris or Intra particle diffusion model describes
the adsorption of dye solutes from solution by porous car-
bon consists three consecutive steps [Weber (1972)]. The
first step is the transport of the dye from the bulk solution
to the outer surface of the carbon by molecular diffusion.
This is called external or film diffusion. The concentration
gradient in the liquid film around the carbon surface is the
driving force in film diffusion. The second step, called in-
ternal diffusion, which involves transport of the dye from
the carbon surface into interior sites by diffusion within the
pore filled liquid and migration along the solid surface of
the pore. These two steps act in parallel, the more rapid
one will control the overall rate of transport. The third and
final step is adsorption of the dye on the active sites on the
interior surface of the pores. The overall rate of the adsorp-
tion process will be controlled by the slowest step among
the three steps.

Since adsorption step is very rapid one, the rate controlling
step is either film diffusion or internal diffusion. The nature
of the rate determining step in batch systems can be deter-
mined from the properties of solute and adsorbent. Rates of
adsorption are usually measured by determining the change
in concentration of the dye in contact with the carbon as a
function of time.

The intra- particle diffusion equation is given as

Table 1 - Textural characteristics of activated carbon
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Fig. 6a & 6b - Intra particle diffusion plot for the adsorp-
tion of CR onto X1 and X2

Where, Kp is the intra-particle diffusion rate constant (mg/g
min*) and C is calculated from the intercept while plotting
the graph between amounts of dye adsorbed gt and t"?(Fig.
6a and 6b). From the plots adsorption of CR by X1 is film
diffusion controlled at concentrations less than 35mg/L and
a direct linear relationship exists between the initial CR con-
centration and adsorption rate. If the concentration of CR
exceeds 35 mg/L, the reaction was shown to be intra particle
diffusion controlled. In carbon X2 the CR concentration ex-
ceeds 25 m/L the process is controlled by intra particle dif-
fusion. The obtained R? and Kp values are shown in Table
4. It is recognized that the adsorption rate is film diffusion
controlled during the initial stages of the adsorption of CR
process in batch systems and the carbon becomes loaded
with more adsorbate molecules the reaction rate becomes
controlled by intra particle diffusion.

Conclusion

An activated carbon with good adsorption characteristics
were successfully prepared from the seeds of Xanthium stru-
marium L using Phosphoric acid and KOH as chemical acti-
vating agents. The specific surface area of X1 was found to
be more (279.6774 m?/g) compared with X2 (4.5547m?/g).
The prepared adsorbents were tested for its adsorption abil-
ity toward the textile dyes. The direct dye Congo red shows
good affinity toward both the adsorbents. Lower pH is very
effective for the removal of CR as the adsorption CR on X1
and X2 decreases with increase of pH. Out of Six isotherm
models, the Langmuir, Freundlich and Harkins-Jura model
fits the data with high correlation coefficients. The kinetics is
CR adsorption onto X1 and X2 follows pseudo-second order
kinetics. The initial stages of adsorption follows film diffusion
mechanism and the later stages were controlled by intra par-
ticle diffusion. An activated carbon prepared from the seeds
of Xanthium strumarium L is a promising adsorbent for the
removal of dye molecules from their respective wastewater.

Molecular Masimum
Sgat Tc:ftal pore cross- Radius Pore Median Q}IH
Carbon (m/g) Volume sectional R Al vor Pore cm’/g
me cmi/g area ange OMME | wWidth A | STP
(nm?) (cm*/g)
: 3
X1 | 279677 | 0722 | 01620 | $200%0 1 0132238 | 7651 | 64.2464
x2 | 4555 | 00| 0620 i i i 1.0463
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Table 2 - Lists of adsorption isotherms models
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Table 3 - Results of Various adsorption isotherm models
30°C 40°C 50°C 60°C
X1 | X2 X1 | X2 X1 | X2 X1 | X2
Langmuir
Qp (mg/ey | 123153 | 30,1205 | 14,6413 | 157480 [ 109649 [ 11.7509 | 14,3062 | §.1301
b (L'mg) | 00351 | 0.0143 | 00289 | 0.0401 | 00413 | 00385 [ 00257 | 0.0365
Fr 04919 [ 06179 | 03342 | 04637 | 04576 | 04040 | 05384 | 0.3930
R2 0.9081 | 0.9355 0.964 09865 | 09302 | 09913 [ 00284 | 09794
Freundlich
Ef(mg'o) | 1.0069 | 1.0500 | 11671 | 30875 [ 14174 | 3.0409 1.1179 1.9575
n 08094 | 0.7363 | 1.7437 | 2.6337 | 2.1088 | 3.1636 1.8113 | 3.1636
l'n 1.24 1.32 0.573 0.379 0.474 0316 0.332 0316
R2 09952 [ 09683 09313 | 09675 | 09388 | 09356 | 09548 | 095309
Temkin
ALig 0.3140 | 0.3590 0.680 1.53556 | 04879 | 24723 | 0.4668 1.7408
B 75137 | 56593 | 24989 | 30281 | 32026 | 21320 3.0041 1.5028
R2 09314 | 09725 0900 09481 | 09445 | 09376 | 0.9261 0.9161
D-K
B -1.9782 | -0.0006 | 0.0036 | 0.0044 | -0.0023 | -0.0011 | -0.0031 | -0.0005
N 257632 1.0250 | 87615 | 128115 | 7.2510 | 5.8223 | 7.6895 | 8.3901
E 0.502 -28.90 -11.78 | -10.66 1475 -21.32 12.71 -31.63
R2 0.652 05856 | 07881 | 0.8172 0.661 0.5612 0688 0.5338
Halsey
n -1.2413 | -1.3731 | -1.7436 | -2.6337 | -2.1088 | -3.1636 | -1.8112 | -3.1636
E 09931 [ 09341 | 07637 | 0.0514 | 04792 | 00295 | 0.8173 | 0.1195
R2 0.7352 | 08887 | 0.6548 | 0.8745 | 08032 | 09155 | 07517 | 093867
Harkins-Jura
A B.5837 [ 223214 | 63052 | 248756 | 8.1633 | 243309 | 6.4538 | 12.6382
B 101150 | 1.6987 | 1.6430 | 1.7214 | 1.7143 | 1.8491 1.6836 19458
R2 09952 [ 0983 09315 | 09675 | 09388 | 09358 | 0.9548 0539
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