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Abstract
There are thousands of commercially available dyes which represent 7 9 105 tons produced annually worldwide. Dis-

charges of these dyes from dyeing industry effluents have the potential to reach aquatic environments, affecting many life

forms. Methylene Blue (MB) is the most common dye used in textile industries. Congo Red (CR) is an azo-based dye that

can be metabolized in benzidine, a human carcinogen agent. In this study, polymeric beads made of chitosan and cellulose

were used to remove simultaneously a cationic dye (MB) and a anionic dye (CR). The sorption capacity of the beads was

evaluated using different dye concentrations under individual (MB or CR) and simultaneous (MB and CR) conditions.

Dyes’ concentration in solution was determined by HPLC–DAD. The results evidenced that both dyes can be adsorbed

individually and simultaneously on the polymeric beads. The sorption process fitted the Langmuir’s isotherm. The qmax

values for CR and MB simultaneous adsorption were 1.6 and 0.68 lmol/g, respectively. The chitosan/cellulose beads

exhibited a large adsorption capacity for CR on individual and simultaneous experiments. Adsorption mechanism involves

electrostatic interactions, hydrogen bonds and dipole-dipole forces between the functional groups of the polymeric beads

and the dyes.
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Introduction

Pollutants such as infectious agents and toxic chemicals are

risk factors that affect water quality. Industries such as

textile, leather, paper, and other dyestuffs, use dyes to color

their products. More than 100,000 commercially available

dyes, representing over 7 9 105 tons, are produced

annually worldwide. Discharges of these dyes from

industrial effluents have the potential to reach aquatic

environments and affect aquatic flora by reducing the

transmission of sunlight through water thus affecting

photosynthetic processes (Gupta and Suhas 2009).

Dyes are classified into cationic (basic dyes), anionic

(acid dyes) and nonionic dyes. Methylene blue (MB), a

cationic dye, is a brightly blue-colored cationic thiazine

dye that is mostly used for dyeing cotton, wood, and silk.

MB can cause problems to human health such as skin

irritation and eye burns (Rafatullah et al. 2010; Salleh et al.

2011). Congo Red (CR), an anionic azo dye, is a persistent

contaminant in natural environments. This azo dye can be

metabolized in benzidine, which is a human carcinogen

(Chatterjee et al. 2009).

Wastewaters containing dyes and metals are difficult to

treat with conventional cleaning methods (Moosavian and

Moazezi 2016; Eberhard and Hamawand 2017). Dyes are

also resistant to aerobic digestion and oxidizing agents.

Therefore, the development of novel and biocompatible
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materials to remove dyes from aqueous solutions becomes

indispensable. Among the methods available for water

treatment, adsorption techniques are widely used due to

their simplicity, high efficiency, easy recovery, and

reusability of the adsorbent (Musyoka et al. 2014).

Emerging adsorption technologies like the use of

biosorbents are more efficient, inexpensive, and selective

than traditional ion-exchangers (Rafatullah et al. 2010;

Crespo-Alonso et al. 2013; Nurchi et al. 2014). Biosorbents

fabricated from chitosan and cellulose have been used to

remove different water contaminants. Chitosan is a

nitrogenous polysaccharide obtained from the deacetyla-

tion of chitin. It is the most promising adsorbent and has

been used to remove metals, and anionic dyes from aque-

ous solutions (Crini and Badot 2008; Osifo et al. 2008;

Mahmoodi et al. 2011; Wan Ngah et al. 2011). Cellulose is

the most abundant biopolymer in nature and has similar

chemical structure as chitosan. Cellulose has been reported

to remove cationic dyes from aqueous samples (Musyoka

et al. 2014).

The present study has evaluated the simultaneous

adsorption of a cationic (methylene blue) and anionic

(Congo red) dye onto a composite biosorbent made of

chitosan and cellulose. Although, chitosan and cellulose

(separately or mixed) have been used to remove dyes, they

have never been used to remove a mixture of cationic and

anionic dyes. The co-existence of functional groups on the

polymeric composite allows removing simultaneously both

types of dyes. Also, a HPLC method to quantify both dyes

was developed.

Materials and Methods

Reagents

Chitosan powder, medium molecular weight (deacetylation

grade, 75–85%), and methylene blue (dye content[ 82%)

were provided by Sigma-Aldrich. Cellulose, microcrys-

talline, was purchased from Baker TLC Reagent. Congo

red, triethylamine (HPLC grade), acetic acid, glacial (cer-

tified ACS), were purchased from Fisher Scientific. Formic

acid (97%) was purchased from Alfa Aesar. Methyl alcohol

(HPLC grade, 99.9%) and sodium hydroxide, pellets (extra

pure) were provided by Acros Organics. All reagents were

used as received. Deionized water was used to prepare all

solutions.

Synthesis of Chitosan/Cellulose Beads

Chitosan/cellulose beads were prepared immobilizing the

cellulose into chitosan. The method was developed using

previous works (Chatterjee et al. 2009; Wan Ngah et al.

2011). In brief, 2.0 g of chitosan powder was dissolved into

5% (v/v) acetic acid and stirred for 1 h. Then, 2.0 g of

cellulose powder was added into chitosan solution under

continuous stirring, and the suspension was stirred over-

night at room temperature. The obtained solution was

added drop wise using a peristaltic pump into a 0.5 M

NaOH solution under continuous stirring. In this step, the

acetic acid is neutralized promoting the coagulation of the

chitosan to produce spherical beads. The chitosan/cellulose

beads were rinsed with deionized water and finally air-

dried.

Characterization of Chitosan/Cellulose Beads

SEM Measurements

Surface morphology of pure and dye-loaded beads was

examined by scanning electron microscopy (JEOL, JSM-

5410LV) at an accelerating voltage of 25 kV. Samples

were coated with gold before scanning. SEM images were

taken at different magnifications (between 509 and

7,5009).

Image Stacking Photography

Image stacking photography equipment (Visionary Digi-

tals, BK Plus Lab System) was used for low magnification

observation of beads and dye-loaded beads. This optical

microscopy technique was used to obtain high resolution

images and determine the size of the beads.

Point of Zero Charge

The point of zero charge (PZC) of the beads was deter-

mined in presence of NaCl at different pH values. The

procedure was modified from previous work (Lopez-Mo-

rales et al. 2012). In brief, 20 mL of 0.1 M NaCl solutions

was added to a series of flasks. The initial pH (pHi) was

adjusted between 2 and 12 by adding 0.1 M of HCl or

NaOH. About 0.15 g of composite beads were added to

each flask and shaken for 48 h at 200 rpm. The final pH

value (pHf) of the supernatant in each flask was measured.

The difference between pHi and pHf (DpH = pHi - pHf)

was plotted against pHi. The pHPZC of the material was

determined as the point of intersection of the resulting

curve with the x axis.

Batch Adsorption Studies

For adsorption studies, samples between 5 and 80 lM of

MB and CR adjusted to 6.50 pH was used. The polymeric

beads (10 g/L) were added to the solutions and shaken at

50 rpm. The adsorption of MB and CR was evaluated
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individually and then in presence of both dyes (simulta-

neous experiments). All adsorption experiments were car-

ried out in triplicates until the equilibrium was reached.

Analyses of Solutions

An Agilent 1100 series equipped with a binary pump, auto

sampler, diode array detector (DAD) and a C18 column

was used to determine the concentration of dyes in the

aqueous solutions. A binary gradient elution system com-

posed of 0.1% formic acid (A) and 0.1% triethylamine in

methanol (pH 6.45, adjusted with formic acid) (B) was

applied as follow: 0.0–2.00 min, 60% B, with a flow rate

1.00 mL/min; 2.00–3.00 min, 60–100% B, with a flow rate

1.00–1.20 mL/min; 3.00–7.00 min, 100% B, with a flow

rate of 1.20 mL/min. The injection volume was 20 lL, the
column temperature was maintained at 35 �C, and the

DAD detector was set at 661 nm (MB) and 510 nm (CR).

Results and Discussions

Beads Characterization

Scanning Electron Microscopy

Surface morphology of composite beads (pure and dye-

loaded beads) was observed at 15009 magnification

(Fig. 1). SEM images revealed that the surface of com-

posite beads was rough and irregular. After contacting with

the dyes, the beads surface became somehow smoother,

which could be related to the development of a thin layer of

dyes onto the surface of the beads. Similar changes in SEM

micrographs have been reported for the adsorption of CR

on chitosan hydro-beads (Chatterjee et al. 2009).

Image Stacking Photography

Low magnification images of dyes adsorbed beads (Fig. 2)

showed a change on color from its original yellowish color

to blue (MB-adsorbed) and red (CR-adsorbed) in single

solutions. The color of the composite beads was purple

when both dyes (MB and CR) are adsorbed. The average

size for as-synthesized beads was 1.6 ± 0.2 mm.

Point of Zero Charge

Point of Zero Charge (PZC) indicates the pH conditions at

which the particle surface exhibits a net positive or nega-

tive charge (Kosmulski 2014). The synthesized composite

beads have a pHPZC of 6.71 ± 0.07. Under this pH, the

surface should exhibit a positive charge due to the proto-

nation of chitosan amine groups. The adsorption studies

were carried out at 6.5 pH value (below pHPZC) to simulate

the pH of natural water, which usually ranges between 6.50

and 8.50.

Dyes Adsorption onto Beads

MB and CR Individual Experiments

The corresponding dye removal efficiency by the chi-

tosan/cellulose beads was determined using the following

relationship:

R ¼ C0 � Ceð Þ
C0

� 100 ð1Þ

Fig. 1 SEM micrographs of chitosan/cellulose beads a before and b after dyes adsorption
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where C0 is the initial dye concentration, and Ce is the dye

equilibrium concentration in solution.

Figure 3 shows the removal efficiency of MB and CR

(individually) onto chitosan/cellulose composite beads as a

function of contact time. The adsorption equilibrium was

established within 24 h for MB and 6 h for CR. About 58.2

and 99.9% of MB and CR, respectively, was adsorbed from

starting 10 lM of each dye and 10 g/L of composite beads.

Evidently, the polymeric composite was capable of

adsorbing both dyes with a higher affinity for CR.

The affinity of MB and CR to the polymeric beads can

be better understood from the chemical structure of the

adsorbent and the dyes. Chitosan is a biopolymer with

abundant –OH and –NH2 groups. At pH 6.5 (under chi-

tosan pKa, 6.71), around 61.8% of amine groups of the

chitosan are protonated (?charge) favoring the electro-

static interaction with the sulphonic groups (-charge) of

the CR (anionic dye). Also, at 6.5 pH (over CR pKa, 5.5)

around 91% of amine groups of the CR are deprotonated

avoiding any electrostatic repulsion with chitosan (Fig. 4a).

In addition, hydrogen bonds between the amine groups of

the CR and the hydroxyl groups of the chitosan and cel-

lulose can increase the affinity.

In the other hand, MB (cationic dye) has a (?) charge at

pH 6.5 allowing ion–dipole interactions with the hydroxyl

groups of the chitosan and cellulose. Also, at this pH

(under MB pka, 5.9), around 80% of amine groups of the

MB are deprotonated allowing the generation of hydrogen

bonds with the hydroxyl groups of the chitosan (Luo and

Zhang 2009) and cellulose (Fig. 4b). CR has the strongest

bonds with the polymeric beads which support our results.

Fig. 2 Photographs of a chitosan/cellulose beads, b MB-adsorbed, c CR-adsorbed, and d MB/CR-adsorbed beads

Fig. 3 Effect of contact time on MB and CR removal onto composite

chitosan/cellulose beads (10 g/L). The MB and CR initial concentra-

tions were 10 lmol/L. The pH was 6.50
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MB and CR Simultaneous Experiments

The removal efficiency of co-existing MB and CR onto the

synthesized beads as a function of contact time is shown in

Fig. 5. The equilibrium condition was reached within 5 h

for both dyes for starting 10 lM of MB and CR. About

62% of MB and 72% of CR were adsorbed under these

conditions.

Effect of Dye Initial Concentrations on Individual
and Simultaneous Experiments

Table 1 shows the effect of initial dyes concentration on

adsorption studies. The removal efficiency decreased with an

increase in the initial dye concentration. At high concentra-

tions of dyes, the adsorption sites on the adsorbent surface

became saturated (Salleh et al. 2011).CRwas higher adsorbed

thanMBin individual and simultaneous sorption experiments.

For simultaneous experiments, the total molar concen-

tration for both dyes are the double than single experi-

ments, so that, a decrease in the removal efficiency was

observed due to a saturation of adsorption sites. Besides the

adsorption patron, a decrease in the CR adsorption was

observed. This effect could be attributed to the

enhancement of the electrostatic interactions between the

negative charge of CR adsorbed onto beads surface and the

positive charge of MB (Fig. 6). In other words, once the

CR was adsorbed onto the beads, it helped to increase the

MB uptake by synergism. A similar phenomenon was

observed in the adsorption of MB and methyl orange onto

carboxymethyl cellulose sorbent (Yan et al. 2011).

Adsorption Isotherms

MB and CR Adsorption in Individual and Simultaneous
Experiments

Adsorption tests at different initial concentrations of MB or

CR were used to determine the corresponding equilibrium

isotherms. Although both Freundlich and Langmuir models

were evaluated, the results better fitted to the Langmuir’s

isotherm relationship. Langmuir’s equation (Eq. 2) was

used to calculate the maximum adsorption capacities of the

beads for each type of dye (Foo and Hameed 2010).

Ce

qe
¼ 1

qmaxb
þ Ce

qmax

: ð2Þ

Here, Ce is the concentration of adsorbate at equilibrium

(lM), qe the solid phase concentration of adsorbate at

equilibrium (lmol of dye/g of adsorbent), qmax the maxi-

mum uptake capacity for a monolayer up to saturation

(lmol of dye/g of adsorbent), and b is the affinity of the

adsorbate for the adsorbent (L/lmol).

Figure 7a shows the adsorption isotherm of MB for

individual adsorption. In addition, Fig. 7b shows the

adsorption isotherms of MB and CR for simultaneous

adsorption onto chitosan/cellulose beads. The good fitting

of the experimental data to the Langmuir’s model suggests

the establishment of a monolayer of the corresponding dye

onto the composite beads. The CR isotherm was not plotted

due to all dye was adsorbed under the worked

concentrations.

Fig. 4 a Electrostatic interactions between CR-chitosan and b Ion–dipole and dipole-dipole interactions between MB-cellulose

Fig. 5 Effect of contact time on simultaneous removal of MB and CR

by chitosan/cellulose beads. The dyes initial concentration was

10 lmol/L with a molar ratio 1:1 (MB:CR). The pH was set at 6.50

International Journal of Environmental Research (2018) 12:59–65 63

123



Langmuir constant (b) and monolayer capacity were

estimated from the intercept and slope of Eq. (2), respec-

tively. The separation factor, RL, is a dimensionless con-

stant that helps to assess the adsorption process. This factor

was calculated from the following equation and using the

Langmuir’s parameter previously determined:

RL ¼ 1

1þ bC0

: ð3Þ

where b is Langmuir isotherm constant, and C0 initial MB

concentration (lM). Values of: 0\RL\ 1; RL[ 1;

RL = 1; and, RL = 0 represents conditions at which the

adsorption is favorable, unfavorable, linear, or irreversible,

respectively.

Table 2 shows the qmax, b values, RL, and linear corre-

lation for MB and CR for individual and simultaneous

adsorption experiments. The qmax (maximum uptake

capacity) for the MB in individual experiments was esti-

mated at 1.5 ± 0.2 lmol/g; and, qmax for MB and CR in

simultaneous experiments were 0.68 ± 0.10 and

1.6 ± 0.1 lmol/g, respectively. The parameters confirm

that CR is better adsorbed than MB onto the chitosan/cel-

lulose beads. The RL values for the adsorption of MB and

CR for individual and simultaneous adsorption were

between 0 and 1 suggesting the dyes adsorption onto chi-

tosan/cellulose beads was a favorable process.

Conclusions

The capability of the chitosan/cellulose beads to simulta-

neously remove MB and CR species from water have been

demonstrated. All adsorption data fitted the Langmuir’s

model suggesting the formation of a monolayer. The

Fig. 6 MB–CR electrostatic interaction

Fig. 7 Langmuir isotherm of MB a in individual adsorption; and MB and CR in simultaneous adsorption b onto chitosan/cellulose beads

Table 1 MB and CR removal efficiency at different initial concentrations for individual and simultaneous adsorption experiments

Initial concentration (lM) Individual adsorption Simultaneous adsorption

Methylene blue removal (%) Congo red removal (%) Methylene blue removal (%) Congo red removal (%)

5 53 ± 1 [ 99.9 43 ± 2 58 ± 1

10 58 ± 4 [ 99.9 61.9 ± 0.3 72 ± 4

15 42 ± 4 [ 99.9 54 ± 3 67 ± 3

20 33 ± 1 [ 99.9 40 ± 3 56 ± 3

40 26 ± 1 [ 99.9 16 ± 2 34 ± 3

80 16 ± 2 94.1 ± 0.6 4.2 ± 0.7 18 1

Contact time: 28 h. Chitosan/cellulose beads concentration: 10 g/L
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composite beads can remove 58.2 and 99.9% of MB and

CR, respectively, in individual experiments. When the two

dyes co-existed in the same solution, the CR firstly

adsorbed (72%) onto the beads surface would have helped

to increase MB uptake (62%). The corresponding adsorp-

tion processes should have been promoted by electrostatic

interactions between the functional groups of each poly-

mer, chitosan or cellulose, and the corresponding func-

tional groups in CR and MB species. Synthesized beads

can be considered a biocompatible and environmentally

friendly candidate for simultaneous adsorption of dyes in

aqueous solutions.
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