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Chemically modified cotton has been prepared by the functionalization reaction with succinic anhydride
and have been used to eliminate two dyes, basic yellow XGL 250% and the dispersed marine 5RN, by
adsorption. The tests showed that the efficiency of extraction was 100% for yellow basic dye and 70%
for the marine dispersed dye. The equilibrium time was found to be 60 min for 100 mg/L dye initial
concentrations for an adsorbent dose of 0.01 mg/L. The models of adsorption of Langmuir and
Generalized fits well the adsorption of the dyes on the support. The obtained results suggest that
chemically modified cotton could be of valuable interest for the removal of different dyes from

industrial textile waste water.
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INTRODUCTION

In the last decades, elimination of dyes, from industrial
textile waster waters is a major challenge for scientists
worldwide.

The physico-chemical and biological treatment
methods used currently in the industrial textile for re-
moval of dyes from wastewaters include flocculation and
coagulation (Kacha et al., 1997), membrane filtration
(Buckley, 1992), ozonation (Kunz et al., 2001; Churchley,
1994; Konsowa, 2003) and adsorption by activated
carbon (Meshko et al., 2001; Pelekani et al., 2000;
Walker et al., 2000). Although these processes have high
efficien-cies, but their relatively high price, high operating
costs and problems with regeneration, hamper their large
scale application. Therefore, these methods less adapted
for developing countries such as Morocco.

Alternative methods such as decoloration processes
are simple and cost effective. The adsorption is becoming
method of high interest for the depollution of wastewaters
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textile. In this way several studies have proposed natural
materials locally available, renewable, and low costly
such as the clays (Bagane et al., 2000), silica (Ahmed et
al., 1994), wood (Baoub et al., 2000), corncob (El-
Geundi, 1991), chitosan (Wong et al., 2004), fly ash
(Mohan et al., 2002), recycled alum sludge (Basibuyuk et
al., 2003), slag (Gupta et al., 2003), calcined alunite
(Ozacar et al., 2003), alumina and kaolinite (Harris et al.,
2001), perlite (Dogan et al., 2003), sepiolite (Rytwo et al.,
2002), Na“™-montmorillonte (Gemeay et al., 2002), sapo-
nite (Miyamoto et al., 2000), zeolite (Meshko et al., 2001),
and modified diatomite (Majeda et al., 2004).

The aim of the study is to extract the dyes by adsorp-
tion on cellulosic materials such as cotton, and raw
materials from the textile industry. These natural poly-
mers are modified by introduction of a carboxylic ester
group to increase their efficiency. The process of adsorp-
tion has been tested on two types of dyes; basic yellow
XGL 250% and dispersed marine 5RN. Several parame-
ters have been studied: pH of the middle, time of contact
and initial concentration of dyes. The equilibrium sorption
capacity of dyes on the modified cotton was studied using
various isotherm equations.



Table 1. Effect of pH on the dispersed marine 5RN absorbance.

pH Amax Ab Observation
23 550 0.33 Clear red
3.35 552 0.415 Purple bruise
5.75 575 0.502 Purple

6.56 572 0.608 Purple

7.4 570 0.584 Purple

8.01 570 0.597 Purple

9.88 570 0.605 Purple

MATERIALS AND METHODS
Support of adsorption

The used material is Syrian cotton fibre. For purification of the initial
material, it was subjected to a mild alkaline scouring (2% NaOH and
0.2% of a wetting agent) for 5 h at 100°C, followed by washing with
distilled water and drying in air at room temperature.

The chemical modification of the cellulosic support is achieved in
two steps (Elbariji et al., 2005):

1. Preparation of sodium hydroxide-treated cotton (NaOH—-Cotton).
2. Reaction of grafting consist a mixed NaOH-Cotton with pyridine
and succinic anhydride at 90°C for 24 h was carried out.

The study of surface morphology of untreated and grafted cotton
was done using JEOL-JSM-5500 Scanning electron Microscope
(SEM) configured with a Noran energy dispersive X-ray analyzer
(EDS system) operated a 30 KeV acceleration potential.

Dyes tested

The dyes were chosen for their extended regional use in the textile
industry. The suppliers do not publish their chemical structure and
their features such as the purity.

1. Basic yellow XGL 250% (B.Y), provided by a company of
Moroccan textile is a cationic dye. The influence of pH on the
displacement of wavelength to the maximum absorption Amax is
negligible (Tahiri et al., 2003) (Amax = 436 nm).

2. Dispersed marine 5RN (D.M), is a dispersed dye. The effect of
pH on the displacement of the wavelength is summarized in Table
1.

Solutions with initial concentrations (C;) were put in contact with the
support with a ratio mass/volume equal to 10 g/L. The procedure of
adsorption was studied in a static system.

The quantity of fixed dye on the support (Q.) and the output of
extraction (R%) was calculated using the following equations:
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Where Qs is the amount of absorbed dyes (mg/g); Ci and Cr are the
initial and residual concentration (mg/L), respectively; V is the
volume of dyes aqueous solution (L); m is the dose of support ().

The equilibrium concentrations of each solution were measured
spectrophotometerally using a spectrophotometer Shimadzu UV-
2101PC at the Amax value. All measurement were recorded at the
wavelength corresponding to maximum absorbance, Amax Which is
436 nm for Basic yellow XGL 250% and 572 nm for Dispersed
marine 5RN.
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RESULTS AND DISCUSSION
Preparation of support

The support was grafted by introduction of carboxylic
ester functions in the structure of cellulose that allowed
us to obtain a weight gain of up to 140% (Elbariji et al.,
2005) as follows in the reaction (Figure 1).

Weight Percent Gain (WPG) was calculated according to
the formula:

WPG% =" ™e 100

m

o

Where m, is the initial oven dried mass of the substrate
before chemical modification and m; the oven dried mass
of the substrate after chemical modification.

The grafting amount on to carboxylic ester functions in
the fibers was comparable with the ungrafted fibers. This
can be expected because of the chemical and
morphological similarities between these two substrates.

The grafted fibers were studied by SEM. Ungrafted and
grafted fibers are shown in Figure 2a. A layer of the
grafted polymer can be observed on the grafted fiber
shown in Figure 2b, the grafted layer nearly homo-
genously covers completely the surface of the fibers. A
similar result was already described in the literature by
Cuiyu et al. (2007).

Adsorption experiments

The affinity study of the two dyes onto the grafted and
ungrafted cotton, were performed by exploratory tests of
adsorption in the aqueous phase using the batch method,
for a ratio of the support mass/volume of solution equal to
10 g/L, initial concentration C; = 100 mg/L of every dyes.
The mixture was stirred mechanically for as 2 h at the
ambient temperature. The obtained results are
summarized in Table 2.

We note that, the ungraft material does not adsorb any
of the two tested dyes. On the contrary, high adsorption
capacities are obtained for dyes D.M 5RN and B.Y XGL
250% on grafted cotton. The presence of carboxylic acid
groups at the surface of the support increases its
adsorption capacity.

Also, we observed that extraction with cotton fibers and
cotton powder to give the same results. The granulometry
of the support doesn't have a big influence on the output
of extraction. This finding can be explained by the fact
that cotton doesn't constitute a compact system but
rather present a porous character.

Effect of pH

Some tests were performed for different pH values in the
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Figure 1. Reaction of grafting on the cellulose.
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Figure 2. Scanning electron micrographs (SEM) of (a) fibre ungrafted and (b) grafted fibre.

Table 2. Adsorption of dyes onto the different supports.

D.M 5RN B.Y XGL 250%
Supports Cr R Cr R
(mgll) (%) (mgll) (%)

Grafted —cotton  ,, 9 7591 399  96.01
powder

Grafted cotton fiber 27.23 72.77 1.4 98.60
Cotton fber 9983 017 3428 6572
ungrafted

same experimental conditions (C; = 100 mg/L and a ratio
support mass /volume equal to 10 g/L ). The pH of each
solution was adjusted by adding diluted or concentrated
H.SO, and NaOH solutions, before mixing the support
suspension. The value pH primarily affects the degree of
ionization of the dyes and the surface properties of the
adsorbents (lgbal et al., 2007). Figure 3 shows that the
colour removal was maximum and unaffected when the
initial pH of the dye solution was in the range 2.5 - 10,
and thus the pH of the system (dye solution + grafted
cotton) remained 4 £ 0.5. The percentage removal of B.Y

was 95 - 98% and 69 - 70% for D.M. lon exchange mode
of adsorption might be operative (Garg et al., 2003), the
surface of the cotton modified is yet the negative charge.
Therefore, the negative charge on the adsorbing surface
of cellulose clearly creates a very favourable situation for
the adsorption of dyes on grafted cotton. These observa-
tions are similar to the adsorption of methylene blue and
azo reactive dyes by metal hydroxide sludge (Weng et
al., 2006; Netpradit et al., 2004). However, cotton grafted
can be easily applied in a wide range of initial pH values,
without pH adjustment.

Adsorption kinetics

The kinetic survey of the adsorption permits the assess-
ment of the necessary contact time for the establishment
of the equilibrium.

The adsorption kinetics of the basic yellow XGL 250%
and dispersed marine 5RN on the modified cotton was
evaluated at 25°C, using initial dye concentration of 100
mg/L and support mass/volume at 10 g/L (Figure 4).

Figure 4 shows that the equilibrium of adsorption is
reached after one hour with approximately 99% efficiency
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Figure 3. Effect of pH on the adsorption of the dyes, Contact time, 2 h;
temperature, 25°C; initial concentration, 100 mg/L; adsorbent dose, 10 g/L.
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Figure 4. Kinetic of adsorption of the dyes on the grafted cotton, Ci = 100 mg/L.

of the basic yellow and 68.55% of the dispersed marine
indicating a high affinity between the dyes and the
modified cotton. Following this phase, the adsorption
process slows, suggesting a gradual reaching of
equilibrium, possibly due to intraparticle diffusion of dyes
molecules. Finally, the saturation is reached, showing the
final equilibrium, beyond which no further adsorption
takes place after approximately 60 min. Similar results
were reported for various dye adsorption by other
adsorbents (Namasivayam et al., 2002; Thangamani et
al., 2007). Equilibrium time is one of the most important
considerations in the design of water and wastewater
treatment systems because it influences the size of the
reactor, thereby the material economics (Deepa et al.,
20086).

Adsorption isotherms

The adsorption isotherms were investigated at ambient
temperature (25°C), for initial concentrations (C;) of dye
varying between 50 - 5000 mg/L for B.Y and between 20
- 1000 mg/L for D.M. The mass concentration of grafted
cotton used set to be fixed to 10 g/L during 1 h of stirring.
The adsorption capacity at equilibrium Q. (mg/g) versus
equilibrium concentrations (C,) plots were drawn in
Figures 5 - 6, respectively for basic yellow and dispersed
marine adsorption on modified cotton.

The isotherm rises sharply in the initial stages for low
Ce and Q. values, indicating that there are plenty of
readily accessible sites (Crini et al., 2006). A limit value
Qe is obtained for each dye; high adsorption capacities
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Figure 5. Adsorption isotherm for the adsorption of basic yellow dye at ambient
temperature; contact time, 1 h; adsorbent dose, 10 g/L.
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Figure 6. Adsorption isotherm for the adsorption of dispersed marine dye at ambient temperature;

contact time, 1 h; adsorbent dose, 10 g/L.

are observed for B.Y (249 mg/g) and lower adsorption is
exhibited by D.M (24.27 mg/g).

There are several isotherm equations available for
analyzing experimental sorption equilibrium data,
including the Freundlich, the Langmuir, the Temkin, and
the generalized models.

The distribution of dye between the adsorbent and the
solution at equilibrium, has been expressed using various
equations.

The theoretical Langmuir isotherm (Lamgmuir, 1918)
equation can be represented as:

_ KLQmCe

Qe_1+K4;

(1)

Where K_ (L mg") is the Langmuir isotherm constant
related to the energy of adsorption and Q. (mg/g) the
maximum adsorption capacity of the adsorbent corres-
ponding to complete monolayer coverage on the surface.
These parameters are evaluated through linearization of
Equation (2):

C
£ ! +LC (2)

0. K,0, 0, °

The essential characteristics of Langmuir adsorption
isotherm can be expressed in terms of a dimensionless
constant called the separation factor or equilibrium para-
meter RL (Mall et al., 2005) which describes the type of



isotherm and is defined by:

1
T (1+K,C,) )

L
If,
R, > 1, unfavorable;

R =1, linear;

0 < R_ <1, favorable;

R =0, irreversible.

The Freundlich isotherm (Freundlich, 1926), can be used
for non-ideal sorption that involves heterogeneous
surface energy systems and is expressed by the
following equation:

Q. =Kk,C."” (4)

The capacity constant K; (I/g) and 1/n is indicative of the
energy or intensity of the reaction. The magnitude of the
exponent n gives an indication of the favorability and
capacity of the adsorbent / adsorbate systems. A linear
form of the Freundlich expression can be obtained by
taking logarithms of Equation (5):

+ 1—LnC . (5)
n

LnQ , = LnK ;

The Temkin isotherm equation assumes that the heat of
adsorption of all the molecules in the layer decreases
linearly with coverage due to adsorbent—adsorbate
interactions, and that the adsorption is characterized by a
uniform distribution of the binding energies, up to some
maximum binding energy (Kim et al., 2004; Temkin et al.,
1940). The Temkin isotherm has been used in the
following form:

Q,=BLn(K,C,) (6)

A linear form of Equation (6) can be expressed as:
Q, = BLnK, + BLnC, (7)

Where B = RT/b and K; are the Temkin isotherm
constants, T is the absolute temperature in K, R the
universal gas constant, 8314 J/mol. Ky is the equilibrium
binding constant (L/mg) corresponding to the maximum
binding energy and constant B is related to the heat of
adsorption. A plot of Q. versus LnC, enables the
determination of the isotherm constants Ky and B.

The generalized adsorption isotherm has been used in
the following form (Kargi, 2004; Crini et al., 2006):

nb
Ce

m (8)
K+C;

0, =0
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A linear form of this equation is:

Ln[Q’”—
0,
Where K is the saturation constant (mg L'1); ne is the
cooperative binding constant; Q, is the maximum
adsorption capacity of the adsorbent (mg/g); Q. (mg/Q)
and C, (mg/L) are the equilibrium dye concentrations in
the solid and liquid phase, respectively. A plot of the
equilibrium data in form of Ln [(Qn/Qe)-1] versus LnC,
gives K and n, constants.

Parameters related to each isotherm were determined
by using linear regression analysis and the square of the
correlation coefficients (RZ) have been calculated. A list of
the parameters obtained together with R® values is
provided in Table 3.

A comparison of the experimental isotherms with the
adsorption isotherm models showed that the Freundlich
equation represented the poorest fit of experimental data
as compared to the other isotherm equations with less
correlation coefficients (Rz) of 0.8219 and 0.9088 for B.Y
and D.M, respectively. It has been found that the best
fitted isotherm equation was Langmuir with high
correlation coefficients (Rz) 0.999 and 0.9786 for B.Y and
D.M. The R_ values are found in the range of 0.009 -
0.468 and 0.085 - 0.822 for B.Y and M.D, respectively,
showing favorable adsorption (Table 3). The maximum
quantity (Qn) of the experimental value (248.99; 24.27
mg/g) is in the good agreement between the calculated
value (256.41; 27.77 mg/qg) respectively for B.Y and D.M.

Figure 7 shows a comparison of adsorption isotherms
of the experimental results with four adsorption
isotherms.

As can be seen, the best isotherm model that fits the
experimental data in the entire range of concentration
was the Generalized and Langmuir isotherm models. The
weakness of the Langmuir isotherm is highlighted in the
region of monolayer coverage (Baouab et al., 2001).

The Freundlich isotherm does not appear to be able to
characterize the adsorbent/adsorbate system in all the
range of concentrations. But the Temkin isotherm is in
good agreement with experimental data at high
concentration.

1J=LnK—nbLnCe 9)

Conclusion

Nature cotton is effective after the grafting of the carboxy-
lic acid function for the removal of the textile dye from
aqueous solution. High adsorptive capacities are ob-
served for the adsorption of dyes, namely, 249 and 24.27
mg dye g cotton modified for basic yellow XGL 250%
and the dispersed marine 5RN, respectively. Equilibrium
sorption was achieved in about 60 min.

A good agreement was obtained by comparison of the
Langmuir and generalized isotherms with experimental
results. All isotherms were shown to be favorable and the
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Table 3. Summary of the isotherm constants and the correlation coefficients for different isotherms

equations.
Model equations parameters Basic yellow XGL 250% Dispersed marine 5RN
Qm (mg/g) 256.41 27.77
. K. (L.mg™) 0.023 0.011
Langmuir isotherm
gmuirt R? 0.9990 0.9786
r 0.009 - 0.468 0.085-0.822
Ks 15.373 0.978
Freundlich isotherm n 2.340 1.880
R? 0.8219 0.9088
B 35.179 5.219
Temkin isotherm Kr(L/mg) 0.752 0.168
R® 0.9773 0.9171
K (mg/L) 28.18 85.36
Generalized isotherm np 0.8769 0.9979
R? 0.9661 0.9481
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Figure 7. Comparison of theoretical isotherms with experimental results for
adsorption of (A) B.Y and (B) D.M.



effect of the carboxylic-cotton content was significant. It
could be concluded that cellulosic material is recommended
as effective and a cheap adsorbent for removal of dye
from textile effluents.
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