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Abstract: The cotton grafted by succinic anhydride (AS) is used for the remove of
methylene blue (M.B) from aqueous solution. Studies concerning the sorption
kinetics (i.e. the effects of contact time, dye concentration) are discussed. A large
adsorption capacity is observed: the order of 714 mg/g support grafted. In the present
work we tested four equations insulated (Langmuir, Freundlich, Temkin and
Generalized), and we have determined the characteristic parameters for each
isotherm. The experimental results allow us to suggest the use of cotton registry by
the succinic anhydride as adsorbent for the treatment of industrial waters.

Keywords: Adsorption; cellulose, desorption, dyes removal, grafting, textile
wastewater

INTRODUCTION

The textile industry is responsible to produce a large volume of polluted effluents discharging to the
receiving environment. The presence of dyes in effluents cause many damage to the ecological system
of the receiving surface water 2 and create a lot of disturbance to the groundwater resources. In order
to minimise the risk of pollution problems from such effluents, it is necessary to accurately treat them
before discharging to the environment. Substantial attempts have been made by many researchers to
find suitable treatment systems in order to treat wastes discharged from different industries in
particular textile industry™™.

A wide range of chemical and physical procedures of dyes removal from agueous solutions are based
on the decolourization by photocatalytic degradation*® membranes’, microbiological decomposition®
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electrochemical oxidation of dye® and adsorption techniques'®**. From all these techniques for dye
removal from industrial effluents, the adsorption process is noted to be superior because it is
economically cost effective, efficient! and simple

In the present study, the cotton grafted by succinic anhydride is used to remove methylene blue (M.B)
dye from the aqueous solution. Different equilibrium data are processed by a plurality of adsorption
isotherm (Langmuir, Freundlich, Temkin and Generalization) to choose an appropriate model
isotherm. A kinetics study of the adsorption process is also considered in the present study to suggest
the use of cellulosic material.

MATERIALS AND METHODS

Sorbent: The material used in this work is the grafted cotton with carboxyl groups using succinic
anhydride (SA). The chemical modification of cotton was carried out successfully with a grafting
rate' equal to 140%.

Adsorbate: The sorption capacity was investigated using Methylene blue (M.B) as model molecule
for basic dyes. This dye was commercial product and used without purification. Stock solutions were
prepared by dissolving accurately weighed samples of dye in distilled water to give a concentration of
1000mg/L and diluting when necessary (see Figure 1 for the structural formulae) *’
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Fig. 1: Chemical structure of Methylene blue (M.B) (Amax: 664 nm).

Batch adsorption experiments: Adsorption experiments were carried out by shaking 0.1 g of cotton
grafted with 20mL of dye solution for the desired dye concentration and pH. Studies were conducted
at 25 -C. Methylene blue residual concentration was estimated using the spectrophotometric technique
at the wavelength of 664 nm. The samples were taken from the shaker at predetermined time intervals
for kinetics and at equilibrium time for isotherms. To calculate the dye removal capacity at
equilibrium time (Qe) or the removal efficiency, will be determined respectively according to the
following equations:

Qe =[(Co—Ce) x V/IM] (mg/g) 1)
Removal efficiency = (Co — Ce) x 100/Cy (%) 2

Where Co is the initial dye concentration in liquid phase (mg/ L); Ce is the liquid phase dye
concentration at equilibrium (mg/ L); V is the volume of dye solution used (L); and m is the mass of
sorbent used (g).

RESULTS AND DISCUSSION

The adsorption properties and equilibrium data, known as adsorption isotherms, describes how
contaminants interact with absorbent materials and are therefore critical in optimizing the use of
adsorbents. To optimize the design of an adsorption system to remove dye from solutions, it is
important to establish the most appropriate correlation for the equilibrium curve®® *°.
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Adsorption of Methylene Blue by grafted cotton: To compare the performance of adsorption of
dyes on cotton grafted, no grafted, and cotton treated with NaOH and KMnO,, we made preliminary
tests of adsorption in batch system on different samples under the same conditions. The results
obtained are summarized in Figure 2.
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Fig.2: Comparison between adsorption capacities (R in %) of M.B on different materials.
(Contact time = 2 h; temperature = 25 °C; pH = 10).

The adsorption capacity was expressed as rate of absorption (R %) which represents the ratio
between the amount of dye adsorbed and the initial quantity of dye.
The experiments were performed under identical conditions. As shown in Figure 2, the results
obtained with the adsorbent (ASK and ASN) shows the maximum extraction of M.B. The presence of
carboxyl groups in the material significantly increases the sorption properties: it shows that these
groups contribute to the mechanism of sorption by electrostatic interactions between the COO- groups
of the material and the reactive group of M.B %.
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Fig.3: Kinetics of adsorption capacity of M.B by C.A.S at three different concentrations
(Temperature = 25°C; pH=10).

Figure 3 shows the amount of adsorbed M.B (mg to 1 g) as a function of contact time at three
different concentrations of the dye solution. The amount of dye adsorbed increases with the contact
time and reached equilibrium after 60 min for three concentrations. In addition, Q increases with the

Concentration of M.B increases and it can be explained by the strong chemical interactions between
the M.B and the carboxylic groups. To find the order of the adsorption kinetics of M.B, the first order
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kinetic equation has been tested, the graphs Q / t versus t were plotted (Fig. 4). The sorption kinetics
can be described by a second model. The differential equation is as follows":

dQt/ dt =K1 (Qe-Qt)? (3)

Where Qe is the amount of dye adsorbed at equilibrium (mg g™); Qt is the amount of dye adsorbed at
time t (mg g ); and k is the equilibrium rate constant of pseudo-second order sorption (g mg™ min ™).
Integrating Eq. (3) for the boundary conditionst=0tot =t and Qt = 0 to Qt = Qt gives:

1 i + kt @)

Q.-Q1) Q

Which is the integrated rate law for a pseudo-second order reaction? Eq. (4) can be rearranged to
obtain a linear form:

t_o1 ot
Qo kQh Q ©

And:
h=kQ%

Where h is the initial rate of sorption (mg g ™ min™). The rate parameters k and Q. can be obtained
directly from the intersection and the slope of the plot of t / Q; against t.
Figure 4 shows the pseudo-first order kinetics of the second adsorption M.B onto adsorbent at three
different concentrations. The values of k and Q calculated from figure 4 are summarized in Table 1. It
is clear that the kinetics of M.B adsorption onto material follows this model, with regression
coefficients greater than 0.990 for the three concentration used in this study. In addition, the
adsorption capacity, Qe, increases with increasing concentration, which is also shown in figure 4.
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Fig. 4: Pseudo-second order kinetics of M.B adsorption onto C.A.S at three different
Concentration (temperature = 25 °C; pH = 10).
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Table 1: Kinetics parameters for M.B adsorption onto C.A.S with different concentrations
(Temperature = 25 °C; pH = 8).

Concentration (mg) K Q. R?
(mg g * min™) (mg/g)
100 0.886 19.96 0.9989
200 0.672 40.16 0.9993
300 3.976 58.48 0.9999

The calculated values agree very well with experimental data, indicating that the sorption system
studied belongs to the second order kinetic model.

Equilibrium studies: An adsorption isotherm represents the relationship existing between the amount
of pollutant adsorbed and the pollutant concentration remaining in solution.

Adsorption equilibrium is established when the amount of pollutant being adsorbed onto the material
is equal to the amount being desorbed. At this point, the equilibrium solution concentration remains
constant. By plotting solid phase concentration against liquid phaseconcentration graphically it is
possible to depict the equilibrium adsorption isotherm. There are many theories relating to sorption
equilibrium*?,

The influence of the dye concentration on adsorption capacity: Figure 5 shows the adsorption
equilibrium of M.B (Qe against Ce) using the grafted cotton. The isotherm rises sharply in the early
stages with low values of Ce and Qe, indicating that there are many easily accessible sites. The
adsorbent is saturated when the plateau is reached.
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Fig. 5: Adsorption isotherm for M.B by C.A.S (contact time = 2 h; sorbent = 100 mg;
Temperature = 25°C; pH = 8).
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There are several isotherm equations available for analyzing experimental data of sorption
equilibrium, including Freundlich, Langmuir, Temkin, and Generalized. However, the two most
common types of isotherms are Langmuir and Freundlich. Four isotherm equations were tested in this
work, namely Langmuir, Freundlich, Temkin and generalized.

The Langmuir isotherm: The Langmuir sorption isotherm is most widely used for the sorption of a
pollutant from a liquid solution assuming that the sorption takes place at specific homogeneous sites
within the adsorbent® %

The application of the Langmuir model suggests that the sorptional energy is constant and does not
depends on the degree of occupation of the active centres of an adsorbent. It also assumes that once a
dye occupies a site, no further sorption can take place at that site. All sites are energetically equivalent
and there is no interaction between molecules adsorbed on neighbouring sites. The linearized equation
of Langmuir is represented as follows:

_K.C,

X_o Bt
m 1+a.C, (©)

Q. =
Where x is the amount of dye adsorbed (mg); m is the amount of adsorbent used (g); C. (mg L™) and
Qe (mg g") are the liquid phase concentration and solid phase concentration of adsorbate at
equilibrium, respectively; K. (L g™) and a_ (Lmg™) are the Langmuir isotherm constants.

The Langmuir isotherm constants, K_ and a, are evaluated through linearization of Eq. (7):

&:i—i_ice (7)
Qe KL KL

Hence by plotting C./Q. against C, it is possible to obtain the value of K, from the intercept which is
1/K, and the value of a, from the slope, which is a,/K,. The theoretical monolayer capacity is Q, (or
Qnmax the maximum adsorption capacity of the adsorbent) and is numerically equal to K, /a, .

The Langmuir equation is applicable to homogeneous sorption, where the sorption of each molecule
onto the surface has equal sorption activation energy. The equation is thermodynamically consistent
and follows Henry’s Law at low concentrations. As Ce becomes lower, a,C, is much less than unity
and Qe = K_C,, that is analogous to Henry’s law. Alternatively, at high adsorbate concentrations, the
model predicts a constant monolayer adsorption capacity®.

The plot of equilibrium concentrations of M.B in the solid and liquid phases that is C./Q versus C is
presented in Figure 6(a). From this plot, the Langmuir constants were found to be: Qnax = 714.285mg
gt K_=0.048 L g™ with R=0.995.

The value of the monolayer saturation capacity demonstrates that the C.A.S exhibits interesting
sorption properties toward cationic dyes.

The fit is well for the adsorption system under the concentration range studied (correlation coefficient,
R?= 0.995). The value of R? is higher than the other three isotherm values. Apparently, the plots in
Fig. 6 demonstrate that the Langmuir equation provides a reasonable description of the experimental
data.
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Fig. 6: Adsorption isotherms for M.B by C.A.S (a) Langmuir isotherm; (b) Freundlich isotherm; (c)
Temkin isotherm and (d) generalized isotherm.

3.2.3. The Freundlich isotherm: The Freundlich isotherm is the earliest known relationship
describing the sorption equation®® The application of the Freundlich equation suggests that sorption
energy exponentially decreases on completion of the sorptional centres of an adsorbent. This isotherm
is an empirical equation employed to describe heterogeneous systems and is expressed by the
following equation® °;

Q, =K.C™ ®)
Where Q. is the equilibrium dye concentration on adsorbent (mg g?), C. is the equilibrium dye
concentration in solution (mg L), K is Freundlich constant (L g*), and 1/n¢ is the heterogeneity
factor. The capacity constant Kg and the affinity constant ng are empirical constants dependent on
several environmental factors. A linear form of the Freundlich expression can be obtained by taking
logarithms of Eq. (8):

LnQ, = LnK, +i LnC, 9)
n

F

Therefore, the plot of In Q. versus In C. was employed to generate the intercept value of K¢ and the
slope of 1/ng. The results are given in Fig. 6(b) and Table 2.

However, equilibrium adsorption data of M.B did not fit to the Freundlich isotherm well. The value of
R? (R°= 0.887) is much lower than the Langmuir isotherm value.

The Langmuir model yields a much better fit than the Freundlich model.
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Table 2: Summary of the isotherm constants and the correlation coefficients for different isotherms

Langmuir Isotherm Freundlich Isotherm
e G | o | R i S GOl
C(BAI\SA)N 0048 | 714285 | 0.995 0171 | 1624 | 19.307 | 0.887
C(BAI\SA)K 0033 | 769.230 | 0.994 0232 | 1624 | 19307 | 0.809
Temkin Isotherme Generalized Isotherm

A (L/G) B R? K (mg/L) n R?
CASN 0.328 124.523 0.889 6.354 1.159 0.832
(B.M)
C(BAl\SA)K 0.708 113.427 0.912 3.303 1.028 0.806

3.2.4. The Temkin isotherm: The derivation of the Temkin isotherm assumes that the fall in the heat
of sorption is linear rather than logarithmic, as implied in the Freundlich equation. The Temkin
equation suggests a linear decrease of sorption energy as the degree of completion of the sorptional
centres of an adsorbent is increased. This model takes into account the presence of indirect
adsorbate/adsor-bate interactions and suggests that because of these interactions the heat of adsorption
of all molecules in the layer would decrease linearly with coverage.

The Temkin isotherm has been used in the following form®**’:

RT
Q = Y LnAC, (10)
A linear form of Eq. (10) can be expressed as:
Q. =%LnA+% LnC, (11)

Where RT/b = B and A are the Temkin isotherm constants. The constant B is related to the heat of
adsorption. Ignoring very low and very large values of concentration, the adsorption data can be
analyzed according to the Temkin equation (Eq. (12)):

Q. = BLnA+BLNC, (12)

A plot of Qe versus In Ce enables one to determine the constants A and B.

The values of the Temkin constants and the correlation coefficient are listed in Table 2. The
correlation coefficient is lower than and Freundlich values. From the Fig. 6(c), it is also clear that the
Langmuir model yields a much better fit than the Temkin model.
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3.2.5. Generalized isotherm: The generalized adsorption isotherm has been used in the following
form®®:

Cn
Qe = Qmax reC: (13)
A linear form of this equation is:
Ln (%—1} =LnK-n LnC, (14)

Where K is the saturation constant (mg L-1); n is the cooperative binding constant; Qmax is the
maximum adsorption capacity of the adsorbent (mg g-1); Q (mg g-1) and Ce (mg L-1) are the
equilibrium dye concentrations in the solid and liquid phase, respectively A plot of the equilibrium
data in form of In[(Qmax/Qe)-1 versus In Ce gives K and n constants. The following values were
found for the constants of the generalized adsorption isotherm K=6.354 mgL-1, n= 1.159 with
R2=0.832. The value of correlation coefficient is much lower than the other three isotherm values.
The generalized equation represents the poorest fit of experimental data than the other isotherm
equations.

4. CONCLUSIONS

Equilibrium and kinetic studies were made for the adsorption of methylene bleu (M.B) from aqueous
solutions onto cotton grafted. Results of adsorption showed that the support can be effectively used as
an adsorbent for the removal of cationic dye. These adsorbents exhibited high sorption capacities
toward M.B: the monolayer adsorption capacity was 714.285 mg g¢g-1. The adsorption capacity
increased as the concentration of the material increased. However, the sorption was dependent on the
presence of carboxylic groups. The straight lines in plot of t/Qt versus t showed good agreement of
experimental data with the second order kinetic model for different initial sorbent concentration. The
equilibrium data have been analyzed using Langmuir, Freundlich, Temkin and generalized isotherms
and the characteristic parameters for each isotherm have been determined. The results showed that the
experimental data were correlated reasonably well by the Langmuir adsorption isotherm.

REFERENCES

1. D.eorgiou, P.Melidis,A. Aivasidis,K.Gimouhopoulos. Degradation of azo-reactive dyes
By ultraviolet radiation in the presence of hydrogen peroxide. Dyes and Pigments; 2002, 52:
69-78.

2. L.S.Tsui,W.R. Roy,M.A. Cole ; Removal of dissolved textile dyes from wastewater by a
compostsorbent, Coloration Technology; 2003, 119: 14-18.

3. S.Venkata Mohan, P.Sailaja,M. Srimurali,J.Karthikeyan; Color removal of monoazoacid dye
from aqueous solution by adsorption and chemical coagulation. Environmental Engineering
and Policy; 1999, 1:149-154.

4, N.M.Ahmoodi,M. Arami,N. Yousefi Limaee, N.Salman Tabrizi, Decolorization and
aromaticring degradation kinetics of Direct Red 80 by UV oxidation in the presence of
hydrogen peroxideutilizing TiO, as a photocatalyst. Chemical Engineering Journal; 2005,
112: 191-196.

5. C.Hachem, F. Bocquillon, O. Zahraa, M. Bouchy, Decolourization of textile industry
wastewater by the photocatalytic degradation process, Dyes and Pigments; 2001, 49:117-125.

6. H.Chun, W. Yizhong; Decolorization and biodegradability of photocatalytic treated azo dyes

iAW/ J. Chem. Bio. Phy. Sci. Sec. A, February 2015 — April 2015; Vol.5, No.2; 1205-1216



Study .

. A. Kassale et al.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26

and wool textile wastewater, Chemosphere; 1999, 39: 2107-2115.

J.Wu, M.A. Eiteman; S.E. Law, Evaluation of membrane filtration and ozonation processes
for treatment of reactive dye wastewater. Journal of Environmental Engineering; 1998, 124:
272-2717.

C.L.Pearce, J.R. Lloyd, J.T. Guthrie, The removal of colour from textile wastewater using
whole bacterial cells: a review, Dyes and Pigments; 2003, 58: 179-196.

A.G.Vlyssides, M. Loizidou, P.K.Karlis, A.A.Zorpas, D.Papaioannou D. Electrochemical
oxidation of a textile dye wastewater using a Pt/Ti electrode, Journal of Hazardous Materials
1999; 70: 41-52.

R.Gong, Y.Ding, M. Li, C.Yang, H. Liu, Y. Sun,Utilization of powdered peanut hull as
biosorbent for removal of anionic dyes from aqueous solution, Dyes and Pigments; 2005;
64:187- 192.

G.Annadurai,R.S. Juang, D.J. Lee , Factorial design analysis for adsorption of dye on
activatedcarbon beads incorporated with calcium alginate, Advances in Environmental
Research; 2002, 6: 191-198.

D.Mohan, K.P.Singh, G. Singh,K. Kumar, Removal of dyes from wastewater using Fly ash,
alow-cost adsorbent, Industry and Engineering Chemistry Research; 2002, 41 (15): 3688-
3695.

S.Chakraborty,S. De,S. Das Gupta,J.K. Basu, Adsorption study for the removal of a basic
dyeexperimental and modelling, Chemosphere,2005, 58:1079-1086.

G.Atun, G.Hisarli,W.S. Sheldrich, M. Muhler, Adsorptive removal of methylene blue from
colored effluents on fuller's earth, Journal of Colloid and Interface Science , 2003, 261: 32-
39.

M.Arami, N.Yousefi Limaee, N.M.Mahmoodi, N. Salman Tabrizi, Removal of dyes from
colored textile wastewater by orange peel adsorbent: Equilibrium and kinetic studies. Journal
of Colloid and Interface Science; 2005, 288: 371-376.

P.Janos,H. Buchtova,M. Ryznarova ; Sorption of dyes from aqueous solutions onto fly ash;
Water Research; 2003, 37:49-38-44.

M.Bagane, S.Guiza, Ann.Chim.Sci.Mat.1987, 25. 615-626.

M.S. Chiou, Y.S. Li, Equilibrium and kinetic modeling of adsorption of reactive dyes on
cross-linking chitosan beads. Journal of Hazardous Materials 2002, 93:1233-48.

K.K.H.Choy, G. McKay, J.F. Porter, Sorption of acid dyes from effluents using activated
carbon, Resources Conservation and Recycling; 1999, 27:57-71.

G.Crini , N.Morin, J.C.Rouland,L. Janus,M. Morcellet,S. Bertini Adsorption de beta-naphtol
surdes gels de cyclodextrines-carboxymethylcelluloses reticules. European Polymer Journal
2002, 38:1095- 103.

Y.S.Ho, C.C.Chiang, Sorption studies of acid dye by mixed sorbents, Adsorption; 2001,
7:139- 47.

Y.S,Ho, J.F. Porter,G. McKay, Equilibrium isotherm studies for the sorption of divalent metal
ionsonto peat: copper, nickel and lead single component systems, Water Air and Soil
Pollution, 2002; 141:1-33.

L.V.Radushkevich; Potential theory of sorption and structures of carbons, Zhurnal Fizicheskoi
Khimii, 1949, 23:1410-20.

I.Langmuir 1. The constitution and fundamental properties of solids and liquids. Journal of
American Chemical Society; 1916, 38:2221-95.

I.Lngmuir. The adsorption of gases on plane surfaces of glass, mica and platinum. Journal of
American Chemical Society; 1918, 40:1361-403.

. Freundlich HMF. Uber die adsorption in losungen. Zeitschrift fur Physikalische Chemie

iAW J. Chem. Bio. Phy. Sci. Sec. A, February 2015 — April 2015; Vol.5, No.2; 1205-1216



Study ... A. Kassale et al.

1906, 57: 385-471.

27. C.Aharoni,D.L. Sparks, Kinetics of soil chemical reactions a theoretical treatment. In: Sparks
DL, Suarez DL, editors. Rates of soil chemical processes. Madison, WI: Soil Science Society
of America; 1991,3, 1-18.

28. F.Kargi,S. Ozmihci, Biosorption performance of powdered activated sludge for removal of
fferent dyestuffs, Enzyme and Microbial Technology; 2004, 35:267-71.

Corresponding author: A. Kassale;
Team Coordination Chemistry Laboratory of Materials and Environment,
Faculty of Sciences, University Ibn Zohr, PO Box 8106, City Dakhla.
Agadir, Morocco.

iAW J. Chem. Bio. Phy. Sci. Sec. A, February 2015 — April 2015; Vol.5, No.2; 1205-1216



