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Introduction

In the history of mankind, no century possibly 
witnessed an increased interest in wastewater 
treatment than this century for tolerating industrial 
development. One of the challenging issues is 
dealing with dyes. As huge amounts of hazardous 
dyes from the textile, printing, paper, cosmetic, 
plastic and food industry wastes are dumped into 
the water causing the damage of the environment. 
Since a very small amount of dye in water is highly 
treacherous as it is toxic to creatures in water, the 
removal of these compounds from a process or 
waste effluents becomes a crucially environmental 
importance. In addition, the complex aromatic 
structure of commonly used dyes resists 
biodegradation or photo degradation[1]. Congo 
red (CR) and Maxilon blue (MB)are dyes which 

are regarded as hazardous chemicals. Congo red 
(CR), a known anionic dye, is metabolized to 
benzidine which is a famous carcinogen. Thus 
its introduction to water stream is a potential 
health, environmental, and ecological concern. 
Therefore, a dye containing effluents has to be 
sufficiently treated before they are discharged 
into the water system[2]. Adsorption of dyes 
from aqueous solutions proved to be the most 
efficient technique for wastewater treatment [3]
compared with other conventional techniques 
such as coagulation, precipitation, filtration, 
ozonation, reverse osmosis and oxidation[4–6]. 
The adsorption method[7, 8] has been found to 
handle large quantities without the formation of 
hazardous substances such as the free radicals. 
In spite of the efficiency of the adsorption 
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technique, the high cost of the adsorbent materials 
is a stumbling block for large scale applications. 
Therefore  researchers enthusiastically tried to 
find cheap and abundant materials to be applied 
for the removal of dyes[9–12]. By combining 
different materials as well as using diverging 
methods,[13, 14] the cost and efficiency of the 
dye uptake will be improved.

Chitosan (CS) a derivative of natural and 
abundant polymer chitin, was found to have a high 
impact in adsorption of anionic dyes[15]as well as 
in many applications[16–18]. Chitosan efficiency 
for the removal of dyes in aqueous solutions have 
been reported [19, 20] whether by grafting with a 
polymer containing  useful functional groups [21, 
22] or by blending with functional polymers[23, 
24].Many attempts have been employed to extend 
the efficiency of chitosan to adsorb the cationic 
dyes through composite preparation[6] and 
working in the frame of low-cost modification is 
still of great interest.

Styrene maleic anhydride (SMA) is a 
conversant copolymer since it is easily prepared 
from two inexpensive monomers in addition to 
the presence of a very reactive anhydride group 
which can easily react with a multiple of functional 
groups to form many derivatives[25–29]. SMA 
and its derivatives have been comprehensively 
used in many industrial [30]and medical 
applications[31–33]. It has also been used for dyes 
adsorption, for example, Zhang,et al, modified 
SMA by β–cyclodextrin through grafting and 
acylation and for the removal of methylene blue 
and basic fuchsin[34]. Sulphonated SMA micro-
spheres were prepared and investigated as an 
adsorbent of methylene blue and rhodamine and 
was found to have an exceptional adsorption 
capacity[35]. In a like manner, SMA was grafted 
on alginate hydrogel [36]. It was described by 
Eskhan, et al, to have a Langmuir adsorption for 
methyl violet 6B.

For the sake of efficient along with commercial 
adsorbent, it was aimed in this work to adopt the 
nanotechnology for exaggerating the benefits of 
these two abundant, biocompatible, and low-cost 
polymers for dye adsorption. The present work 
describes the preparation and characterization 
of polyelectrolyte complex (PEC) nanoparticles 
through the electrostatic interaction between 
the oppositely charged polyelectrolyte SMA 
derivatives and chitosan. The immediate 
production of PECs without the addition of 
chemical crosslinking reagent reduce the cost as 

well as the toxicity of the prepared materials. In 
addition, as most PECs, they have the strongest 
physical interaction due to their preparation high 
entropy as a result of the release of the low molar 
counter ion[37]. Herein, the prepared PECs were 
not previously reported for dye removal. This 
study investigates the adsorption efficiency of 
chitosan /hydrolyzed and sulphonated styrene 
maleic anhydride copolymer complexes for the 
removal of anionic and cationic dyes.

Experimental 
Materials
Styrene was a product of Aldrich. Maleic 

anhydride (99% Merck) was recrystallized from 
chloroform prior to use, Benzoyl peroxide (BPO), a 
Merck product, was re-crystallized from methanol. 
Chloro sulphonic acid (Merck),hydrochloric acid 
(HCl), and sulfuric acid (H2SO4) were reagent 
grade and used as received. Potassium chloride 
(KCl), potassium permanganate (KMnO4),and 
sodium hydroxide (NaOH) were obtained from 
the local company(ADWIEK). Congo red (CR) 
and Maxilon blue (MB) were  products of  a  local 
company. Acetone, acetic acid, ethylene chloride, 
methanol and toluene were used as received.

Chitosan extraction
Chitin was exctracted from red sea marine 

shrimp, washed with water, dried, and grinded 
into grainy powder. First, the powder was soaked 
in 1 M hydrochloric acid, HCl, bathes for the 
removal of CaCO3. Afterwards, the alkaline 
treatment used 1 M sodium hydroxide (NaOH) 
solutions at 105-110oC was performed for the 
removal of protein. This treatment was repeated 
till almost the occurence of clear medium. After 
filtration, washing with a massive amount of 
distilled water are  required after which the 
samples were dried. Pigments were removed 
by using a mild oxidizing treatment (KMnO4 
+ oxalic acid + H2SO4). By boiling the isolated 
chitin  with 40%NaOH,deacetylation was carried 
out according to reference[38].

Determination of the degree of deacetylation 
(DDA):

Two methods have been used to calculate the 
DDA% of chitosan by elemental analysis and 
potentiometric titration according to literature 
reported methods[39, 40].

Viscosity:
Using Ostwald viscometer, the intrinsic 

viscosity of the extracted chitosan was determined. 
A solution of 5% acetic acid containing 0.2 M 
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sodium chloride to overpower the charges effect 
of the amino groups was used as a solvent for 
chitosan. The intrinsic viscosity [η] molecular 
weight equation of  Mark-Houwink molecular 
weight [41] was implemented for the calculation 
of the molecular weight.

([η] = k Mα).

Synthesis of (styrene-alt-maleic anhydride)
Using a free-radical polymerization, SMA was 

prepared [42] in a 500 mL four-necked flask, with 
magnetic stirrer, thermometer, reflux condenser 
and inlet of nitrogen 10.4 g of destabilized styrene, 
9.8 g of recrystallized  maleic anhydride, and 0.2 
g (0.8 mmole) of BPO were mixed with 200 ml of 
distilled toluene at room temperature until a clear 
solution was obtained. The reaction mixture was 
continuously stirred and heated to 80oC on a water 
bath, the copolymer gradually precipitated, after 3 
h the mixture was cooled, the filtration of  the white 
solid polymer was carried out  and was dried to 
constant weight under vacuum at 60oC. SMA was 
re-precipitated in methanol from acetone.

Synthesis of sulphonated (styrene-alt-maleic 
anhydride)

0.37moles of SMA were suspended in 480 
mL of ethylene dichloride. Then 0.28 moles of 
chlorosulfonic acid dissolved in 50 mL of ethylene 
dichloride were gradually added. To this well 
agitated mixture no cooling or heating is required; 

the temperature remained for one and half hour 
after the chlorosulfonic acid complete addition at 
about 34° C. The product was then removed by 
filtration and was air-dried to yield 0.4 mole of a 
light tan solid[43].

Synthesis of hydrolyzed styrene-alt-maleic 
anhydride

Hydrolysis of SMA was performed in alkaline 
aqueous solution. Using 100 mL of 1 N NaOH 
solution, a complete dissolution of SMA (2 g) 
took place. Then, precipitation was carried out by 
adding 1 N HCl drop wise to get a white precipitate 
after which the hydrolyzed-SMA (H-SMA) was 
formed. The washing with minimum amount of 
water to neutralize the acid was performed. After 
that, it was kept in  oven for 24 h[44].

Preparation of styrene-maleic anhydride deriva-
tives/chitosan  nanopolyelectrolyte complexes 

An aqueous solution of sodium salt of 
hydrolyzed copolymer of SMA (pH 4.0) or 
sulphonated SMA (pH 5.5) was added to a 
certain amount (20 mL) of 2% CS solution. 
The polyelectrolyte complexes formation was 
indicated by a precipitate occurrence as a result of 
mixing as shown in Fig. 1. By centrifugation at 5 
000 rpm for 20 min, the separation was achieved. 
Then, the product was washed with water and 
acetone. The precipitate was dried under vacuum 
till constant weight and then grinded into fine 
particles.

Fig.1 Schematic representation of the preparation of polyelectrolyte of hydrolyzed SMA-CS complexes
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Fig.2. Chemical structure of (a) Congo red and (b) Maxilon blue

Dye Uptake
The adsorption process was performed using 

a batch adsorption technique at 25oC ±2. The 
samples (0.005 g) were held in 10 ml of the dyes 
(Congo red as acidic dye and Maxilon blue as a 
basic dye) solution in 120 rpm shaker for a certain 
time. The UV-visible spectra were then measured 
at wavelength 497 and 602 nm for Congo red (CR) 
and Maxilon blue (MB), respectively .Figure (2) 
shows the structure of the examined dyes.

Characterization
FTIR Spectroscopy
FTIR spectra were measured  at a resolution 

of 4 cm-1 .The range  of measurement was 400 to 
4000 cm-1 Using spectrometer Bruker Vector 22 
Germany.

Thermal Analysis
Thermogravimetric TGA analysis was 

accomplished at a heating rate of 10oC/min under 
nitrogen atmosphere by Shimadzu TGA-50H.

Dynamic Light Scattering (DLS)
Zetasizer, Nano-S, produced by Malvern, was 

the instrument used for measuring  theparticles 
size. DLS was used to measure the hydrodynamic 
diameter and size distribution of the particles at 
25oCin triplicate considering the refractive index 
of 1.52.

Scanning Electron Microscopy(SEM)
 Jeol JSM 6610 microscope was used 

for studying the particle morphology at the 
accelerating voltage of 15 kV. A thin layer of 
gold was used as a coating. The micrographs 

processing was achieved with AzTec software.

The UV-visible Spectroscopy
The UV-visible spectra of the samples 

were then measured using Agintal UV-visible 
spectrophotometer (USA). 

Results and Discussions                                                                

Chitosan
Determination of the degree of deacetylation 

of chitosan (DDA %)
Several methods are known for the 

determination of DDA %, among the simplest and 
quite reliable are the following: 

Elemental analysis:
From the elemental analysis data: C% 39.17, 

H% 7.24, and N%7.46 and using the formula:

                              ( 3.1)

The value of the DDA for chitosan is found to 
be = 93.7%. 

Potentiometric titration:
From the acid/base titration curve two 

inflection points were obtained. Theses inflection 
points were attributed to the NaOH volume 
corresponding to the amino group of chitosan. 

Therefore, the DDA can be calculated by the 
following formula [38]

      
                                                                             ( 3.2)
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7143.1

/857.6% ×
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1611% ×
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Where Q = N ∆V/m, ∆v is the volume of NaOH 
between the two inflection points (in l liter), N is 
the normality of the sodium hydroxide and m is the 
weight of the dry sample. ∆V = 8 ml and a value of 
94.09 % was obtained for the DDA by this method. 

FTIR analysis:
Figure 3 (f) shows, the characteristic, 

broadband around 3400 cm-1 which is due to the 
inter- and intra-molecular interaction between the 
OH and the NH2 groups stretching vibration of 
the chitosan unit. The 2920.66 and 2365.22 cm-

1bands are due to the asymmetric and symmetric 
C-H stretching of the methylene groups in the 
residual chitin molecules. The bands at 1650.01 
cm-1is due to the amide I (C=O stretching) and 
that at 1603cm-1 is probably due to the amide II 
(N-H stretching).

Molecular weight
The viscosity average molecular weight 

Mηof chitosan was estimated by applying the 
following Mark-Houwink equation ([η] = k Mα) 
for chitosan. Where k (  and a (  
are constants depending on the specific polymer-
solvent-temperature system and the degree of 
deacetylation of chitosan [45]

 (3.3)

The intrinsic viscosity ([η]) was determined 
from viscosity measurements using Ostwald 
viscometer. A value of 25.72 was found for 
[η] dL/g which corresponds to relatively low 
molecular weight chitosan of 1.4x104g/ mol.

Fig. 3. FTIR spectra of (a)SMA, (b)hydrolyzed SMA, (c) hydrolyzed SMA-CS, (d)sulphonated SMA, (e) 
sulphonated SMA-CS, and (f)chitosan (CS).
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Styrene-alt-maleic anhydride (SMA) and its 
derivatives 

FTIR analysis
The spectra of SMA and its derivatives are 

shown Fig.3. Peaks at 1844.1 and 1780 cm-1 imply 
the presence of anhydride groups resulting from 
the carbonyl absorption in the five-membered 
rings. In the case of hydrolysed copolymer 
H-SMA, the C=O band disappears, being replaced 
by the carboxyl band at 1735cm-1. Introduction 
of the sulfonic acid groups is confirmed by the 
strong characteristic peak at 1176.22 cm-1 which 
is assigned to the stretching of S=O bond. The 
characteristic absorption peaks at 1176. 22 and 
1017.84cm-1 correspond to the asymmetric S=O 
and symmetric O=S=O stretching vibrations of 
the sulfonate groups, respectively. The two peaks 
at 705.35 and 691.08 cm-1 are considered relate 
to the C-S and S-OH stretching vibration, which 
were reported to lie between 600 and 800 cm-1 and 
600 and 700 cm-1, respectively.

Molecular weight:
The molecular weight of SMA can be 

determined from the viscosity measurements by 
using the Mark-Houwink equation of its acetone 
solution according to the following equation from 
the reference[46]

      
( 3.4)

The intrinsic viscosity [η] was found to be 
1.19 dl/g.

Particle size
Particle size measurements using DLS 

measurements shown in Figure 4, indicates that 
SMA was formed in micro-particles with a size 
of 1.35 µ m.

Polyelectrolyte complexes of styrene-maleic 
anhydride /chitosan 

FTIR analysis
The IR-spectra of SMA and chitosan 

and the complexes showed a new zone of 
absorption in the region of 1577–1507 cm–1 that 
corresponds to the symmetrical deformational 
vibrations of NH3+groups. The strong bands of 
absorption in the regions of 1577–1551 cm–1 
(symmetrical vibrations of COO-) and 1408–
1395 cm–1 (asymmetrical vibrations of COO–) 
as observed in Fig.3 confirm the formation of 
ionic polyelectrolyte complexes H-SMA-CS. The 
spectrum of the complex in Figure 3 (e) showed 
that the band at 1603cm-1 shifted to 1529cm-1, 
while the characteristic band for S-SMA in the 

region of 1719-1733 cm-1 remained is a clear 
evidence of both polymers contribution in the 
final polyelectrolyte complex composition.

Particle size
Utilizing dynamic light scattering 

investigation, as shown in Fig.4, reveals average 
particle diameters of 423 ± 0.01 nm with a poly 
dispersity index (PDI) of 0. 5 ± 0.05 for H-SMA-
CS, and 105 ± 1 nm with PDI: 1 ± for S-SMA-
CS. The zeta potential (mV) equal -11.and 9.8 for   
S-SMA-CS and H-SMA-CS, respectively.

Morphology of the polyelectrolyte complexes 
As shown in Figure 4 (d) and (e) there is an 

obvious dissimilarity in the morphology between 
the two polyelectrolytes complexes. A layered 
structure, the ladder like structure,  is observed for 
H-SMA-CS, whereas S-SMA-CS image shows a 
semi-spherical spongy structure, the scrambled 
egg structure. The highly order arrangement of  
HSMA-CS is due to the interaction between one 
hydrophilic group with more than on hydrophobic 
moiety( styrene); it can be described as zippering 
effect where the ionic sites interact with each 
other one by one[37]. The scrambled egg structure 
is significance for stoichiometry polyelectrolyte 
complexes where polyions chains are 1:1. This 
morphology of the macrostructure of the two 
PECs is likely to have an  impact of the adsorption 
behaviour and mechanism of diffusion.   

Thermogravimetric analysis
Figure 5 illustrates the TGA of SMA, 

hydrolyzed SMA (H-SMA), sulfonated SMA 
(S-SMA), chitosan (CS) and poly electrolyte 
complexes of chitosan and SMA derivatives 
(H-SMA-CS) and (S-SMA-CS), it can be seen 
that CS is the least thermal stable polymer and 
the SMA is the highest thermally stable one. 
Mixing CS with H-SMA gives a moderately 
stable PEC indicating a synergetic effect due to 
the strong electrostatic attraction between the 
NH2 of CS and the multiple functional groups 
OH and COOH formed after the hydrolysis of 
SMA copolymer. Three weight loss stages can be 
clearly shown for (S-SMA). The first occurs at 
35-100oC which is attributed to the loss of water 
as S-SMA has a hygroscopic nature. The second 
occurs in the range of 150-225oC the weight loss 
associated with the elimination of the sulfonic 
groups. The last loss stage at 350– 500°C is the 
final decomposition of S-SMA. A summary of the 
TGA data is compiled in Table 1. Admittedly, not 
only the strong electrostatic interaction between 
CS and the two derivatives of SMA afforded the 
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(d) (e)
Fig. 4. Size distribution of (a) SMA microparticles, (b) hydrolyzed SMA-CS, and (c) sulphonated SMA-CS 

nanoparticles and SEM images of (d)H-SMA-CS and (e) S-SMA-CS

high thermal stability of the two PECs but also 
to the  hydrogen bonding and the hydrophopic 
interaction. 

Dye uptake
Effect of pH
The adsorption capacity was calculated for the 

adsorption of 75 ppm of CR and MB on 0.005 g of 
the two composites. The variation of the medium 
acidity or basicity has its role in the adsorption 
process. Figure 6 shows the behavior of the 
adsorbent at different pH values. Generally, zeta 
potential is known to be increased by decreasing 

pH [6] as a result of the protonation of the freely 
amino group of chitosan. Consequentially the 
pH increasing will lead to the deprotonation of 
carboxylic and sulfonate groups on SMA-CS 
composite and the neutralization of amino group 
on the surface of the adsorbent. By  increasing the 
pH, the CR adsorption increased. This behavior 
is attributed to the increase of the electrostatic 
attraction between the positively charged dye 
and the deprotonated carboxylate and sulfonate 
groups. Regarding the MB, slightly acidic 
medium enhanced the adsorption on both S-SMA-
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Fig.5. Thermogravimetric analysis of SMA, hydrolyzed SMA, sulphonated SMA,  hydrolyzed SMA-CS 
polyelectrolyte complexes, sulphonated SMA-CS polyelectrolyte complexes and chitosan

TABLE 1. Thermogravimetric analysis data of the samples

Sample T initial T final T max Wt loss%
Remaining wt.% at 

600oC

SMA 279.00 400.00 374.00 96.00 4.13

H-SMA 106.00 596.00 355.00 82.80 17.20

S-SMA 198.00 596.00 382.00 91.70 8.13

H-SMA-CS 172.00 431.00 372.00 46.60 42.10

S-SMA-CS 216.00 596.00 367.00 65.70 34.30

CS 273.00 331.00 308.00 64.40 35.60
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CS and H-SMA-CS. It is clear that the difference 
is correlated to the change of the surface charge.

Adsorption kinetics
The efficiency of adsorption process is 

controlled by the way of the dye transition 
which is generally, affected by the adsorbent 
surface characteristics. Therefore, investigating 
adsorption process according to kinetic models 
helps to evaluate the appropriate adsorbrent for 
dye removal with time.

The modeling of the kinetics of adsorption 
of Congo red and Maxilon blue was investigated 
by two common models, namely, the Lagergren 
pseudo-first-order model and pseudo-second-
order model. Equation of the pseudo-first-order 
was examined to study the adsorption kinetics.

      ( 3.5)

Fig.6. Effect of pH on the adsorbtion capacity of S-SMA-CS and H-SMA-CS

Where, qe (mg/g) is the concentration of the 
ion adsorbed at equilibrium, qt (mg/g) is the 
concentration of the ion adsorbed at time t, and k 
is the rate constant.The equation below signifies 
another kinetic model, the pseudo-second-order,

       
From the slope or the intercept of the straight 

line in Figure7 and Figure8 the adsorbed 
amount of dye at equilibrium (qe,), the adsorption 
rate constant (k1) of “pseudo- first order”, and 
adsorption rate constant (k2) of pseudo - second 
order can be calculated. The fitness of the straight 
lines (R2 values) with the linear forms of the 
models is evaluated to check the applicability of 
each model. 

The data in Table 2, indicate the disagreement 
of this model, the Lagergren pseudo-first-order 

t
k

qqq t
ete 303.2

log)log( −=−

t
qqkq

t

eeqt

11
2

2

+= ( 3.6)



546

Egypt. J. Chem. 63, No.2(2020) 

EMAN A. ALI, MOHAMED N. ISMAIL, MAHER Z. ELSABEE

kinetic, with the adsorption of  both dyes, on  the 
two polyelectrolytes complexes. On the contrary, 
the experimental data as indicated from the high 
values of the correlation coefficient R2 (for Congo 
red R2≥0.98 and R2≥0.99 for S-SMA-CS and 
H-SMA-CS, respectively, and for Maxilon blue 
R2≥0.89 and R2≥0.99 for S-SMA-CS and H-SMA-
CS, respectively) was found to best fit the pseudo-
second-order kinetic. So, the pseudo-second-
order kinetic model can be applied to anticipate 
the dye uptake at equilibrium at different contact 
time intervals.

There are two ways to describe adsorption rate 
either by intra-particle diffusion orboundary layer 

diffusion or both. Therefore,  The model based 
on the Weber and Morristheory for intra-particle 
diffusion [26]was tested. According to this theory:

      
                                                          ( 3.7)

Where kpi (mg/g min1/2), the rate parameter of 
stage i, is calculated from the slope of the straight 
line of qt versus t1/2 (Fig.9) The values of kpi, Ci 
and correlation coefficient, R2 obtained for the 
plots are given in Table3

There are three phases, in Figure 9, obtained 
for Congo red adsorption in “Weber and Morris” 
intra-particle diffusion plots. 

Fig.7 Pseudo-first-order kinetic plots for (a) S-SMA-CS and (b) H-SMA-CS

ipit Ctkq += 2/1
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Fig.8. Pseudo-second-order kinetic plots for (a) S-SMA-CS and (b) H-SMA-CS

TABLE 2  Parameters for pseudo-first and pseudo-second order

Dyes Sample Pseudo First order Pseudo Second order

qe K1 (min-1) R2 qe

K2

(g mg-1min-1)
R2

Congo
Red

S-SMA-CS 7.49 0.02 0.96 186.00 0.000425 0.98

H-SMA-CS 8.59 0.03 0.95 214.00 0.000224 0.99

Maxilon 
Blue

S-SMA-CS 10.70 0.02 0.83 397.00 0.000111 0.90

H-SMA-CS 4.84 0.02 0.72 698.00 0.000618 1.00
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Fig.9 Plots for intra-particle diffusion S-SMA-CS and H-SMA-CS

TABLE 3 . Intra-particle diffusion model constants and correlation coefficients for adsorption of Congo red and 
Maxilon blue on S-SMA-CS and H- SMA-CS

Intra- particle diffusion model

Dye Sample Kd1 Kd2 Kd3 C1 C2 C3 (R1)
2 (R1)

2 (R1)
2

Congo
Red

S-SMA-CS 38.500 2.160 10.900 0.000 81.200 57.000 1.000 1.000 0.978

H-SMA-CS 25.800 1.910 16.600 0.000 87.800 7.120 1.000 0.991 0.860

Maxilon 
Blue

S-SMA-CS 40.900 9.720 --- 0.000 147.000 --- 1.000 0.981 ---

H-SMA-CS 296.000 6.160 --- 0.000 647.000 --- 1.000 0.880 ---



549

Egypt. J. Chem. 63, No.2(2020) 

CHITOSAN BASED POLYELECTROLYTE COMPLEXES DEVELOPMENT FOR ANIONIC...

The results depicted in Table 3 reveal that the 
adsorption rate order for Congo red is k1> k3> 
k2adsorption. The obvious sloped line in the first 
stage epitomizes the boundary layer diffusion, 
during which Congo red were adsorbed onto the 
surface of the adsorbent. The second stage began 
when the adsorption onto the external surface 
reached saturation, where Congo red adsorbed 
onto the internal surface. The intra-particle 
diffusion slows down, causing the occurrence of 
stage three which is the equilibrium stage, thus 
the rate limiting step might be internal transfer.

For Maxilon blue intra-particle diffusion plots, 
exhibited two stages for the two polyelectrolyte 
complexes. However, the slope of the first stage 
for H-SMA-CS is much higher than S-SMA-
CS, indicating a high external mass transfer 
at first because of the large surface area and 
instantaneous feasibility of adsorption active 
sites. Then, when the saturation was reached, the 
gradual adsorption stage begun to be considered 
as the rate-controlling step.

Adsorption isotherm
It is common to use the adsorption isotherm 

models (Langmuir, and Freundlich) to predict the 
performance of the adsorbent.

The Freundlich isotherm [47] is an equation 
based on the assumption that the adsorption 
process takes place on heterogeneous surfaces and 
the concentration of the dye at equilibrium has a 
great role in evaluating the adsorption capacity:

n
eFe CKq /1= or    

 
Where KF(mg/g (L/mg)1/n)  and 1/n values 

are comprehensive evaluation constants of the 
capacity and the intensity of the adsorption. 
Usually, a favorable adsorption condition is 
depicted when values of n > 1. The Freundlich 
isotherm is represented in Figure 10.

Equation (3.9) is  commonly used to inspect 
the  Langmuir isotherm [47]:

     In this equation, qe stands for the adsorbed 
weight per weight in grams of sorbent (mg/g), Ce 
is the equilibrium concentration of the dye in the 
solution (mg/L), Qo is the monolayer adsorption 
capacity(mg/g) and b is a constant correlated to 
the adsorption free energy )( / RTGeb ∆−∝ .

Figure 11 is the Langmuir plot for the 
two dyes. The Langmuir model deduces the 
occurrence of a monolayer adsorption. The cause 
of this behavior is the homogenous of adsorption 
sites as well as its energies without interactions 
between the adsorbed dye molecules.

For Congo red the high correlation coefficients 
(R2>0.91) suggest that the equilibrium adsorption 
data can be well fitted by Freundlich isotherm. The 
Freundlich model assumes that adsorption occurs 
on the surface of non-homogeneous medium. This 
manner is based on the adsorption point and the 
exponential distribution of energy. As illustrated 
in Table 4, the values ofn are greater than one 
concluding that Congo red is favorably adsorbed 
by H-SMA-CS and S-SMA-CS. 

Maxilon blue equilibrium adsorption data 
fitted by both model Freundlich and Langmuir for 
S-SMA-CS. The n value from Table 4 reflects the 
favorable adsorption of Maxilon blue onto S-SMA-
CS.As the smaller molecular size of Maxilon blue 
increases, the concentration of dye on the surface 
increases. In addition, the monovalent nature of 
Maxilonblue reduces the electrostatic repulsion of 
the adjacent dye molecule.The value of separation 
factor RL indicates the adsorption process as 
favorable (0 < RL< 1).

However the equilibrium data of adsorption 
of Maxilon blue onto H-SMA-CS is best fitted 
to the Freundlich isotherm model with the higher 
correlation coefficient. Therefore,  the adsorption 
process assumed to be  onto the heterogeneous 
binding sites with different resemblance on the 
surface of adsorbent.  Also, the manifestation 
of  distinct interactions with the dye molecules. 
As illustrated in Table 4 the n value is higher 
than unity. This is a mathematical proof of high 
adsorption intensity[48].

Conclusion                                                                         

In this work, two polyelectrolyte complexes 
based on natural polymer (the extracted chitosan) 
and two derivatives of the biocompatible polymer 
(styrene maleic anhydride), have been readily  
prepared as adsorbents of dyes for wastewater 
treatment.

•	 Chitosan was extracted from local shrimp 
and characterized. 

•	 Styrene maleic anhydride copolymer SMA was 
prepared, then the two derivatives hydrolyzed 
and sulphonated SMA were synthesized.

eC
nFKeq ln1lnln += (3.8)

eoo
e

e C
QbQq

C
)1()1( += (3.9)
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Fig.10. Freundlich isotherm for the adsorption of dyes on S-SMA-CS and H-SMA-CS

TABLE 4  Isotherm model parameters for the adsorption of Congo red and Maxilon blue on S-SMA-CS and H- 
SMA-CS

Langmuir Freundlich

Dye Sample Q max
(mg g−1)

KL
(Lmg−1) R2 RL n KF R2

Congo red S-SMA-CS 234.00 0.01930 0.87 0.37 0.90 1.14 0.97

H-SMA-CS 116.00 0.02100 0.88 0.35 1.74 1.92 0.91

Maxilon blue S-SMA-CS 702.00 0.00004 0.96 1.00 1.13 3.86 0.97

H-SMA-CS 1830.00 0.00002 0.85 1.00 1.01 14.90 0.92
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Fig.11 Langmuir isotherm for the adsorption of dyes onto S-SMA-CS and H-SMA-CS

•	 Two complexes were prepared from chitosan 
and the two derivatives H-SMA and S-SMA. 

•	 The size of the two complexes H-SMA-CS 
and S-SMA-CS was determined by (DLS) 
and they were 423± 1 and 100 ±1 nm, 
respectively. 

•	 The adsorption capacities of H-SMA-CS 
and S-SMA-CS for Congo red were 116 and 
234 mg/g, respectively. For Congo red, the 
high correlation coefficients well fitted by 

the Freundlich isotherm. Greater than one, n 
values indicate that Congo red is favorably 
adsorbed by H-SMA-CS and S-SMA-CS. 

•	 Maxilon blue equilibrium adsorption data 
fitted by Langmuir for S-SMA-CS. The 
adsorption capacity was 702 mg/g and the 
process is favorable as the value of separation 
factor RL indicates (0 < RL< 1). However, the 
Freundlich isotherm is the best fitted model of 
the adsorption of Maxilon blue onto H-SMA-
CS with Q max equal 1830 mg/g.
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تحضيرمتراكبات  بوليمريه عديدةالشحنه قائمة على الكيتوزان لامتصاص الصبغات الأنيونيه 
والكاتيونيه

ايمان ابوبكر علي1 ، محمد نادر اسماعيل1* ، ماهر زكي السبع2
1  قسم البوليمرات والمخضبات، المركز القومي للبحوث ، الدقي ، جيزه ،12622جمهورية مصر العربيه 

2  قسم الكيمياء، كلية العلوم، جامعة القاهرة، جيزه 12613جمهورية مصر العربيه 

 نظرا لما تسببه الكميات الهائله من الأصباغ الناتجه من العديد من الصناعات من  تلوث للمياه اصبح من الضروري
 إزالة هذه المركبات من النفايات السائلة.  تعتبر طريقة الامتزازممتازة للتعامل مع كميات كبيرة من الأصباغ
 دون تشكيل المواد الخطرة. على الرغم من كفاءة تقنية الامتزاز ، فإن التكلفة العالية للمواد الممتصة تعتبر حجر
لمعالجة وفعاله  التكلفة  ومنخفضه  للبيئة  ممتزه صديقه  مواد  تحضير  تم  لذلك  النطاق.  واسعة  للتطبيقات   عثرة 
 مياه الصرف حيث تم مزج مشتقات البوليمر الثنائي ستيرين مالييك انهيدريد  البوليمرات المهدرجة والكبريتية
 ببوليمر الكيتوزان لتشكل متراكبات متناهية الصغر (النانو) متعددة الشحنه .تم توصيف هيكل وحجم الجسيمات
 H-SMA-CS) والسلوك الحراري للمجمعات باستخدام التحليلات الطيفية والحرارية كما تم دراسة استخدام 
 لامتصاص صبغتي الكونغو الأحمر كنموذج للصبغات الأنيونيه والماكسيلون الأزرق كمثال (S-SMA-CS و
 للصبغات الكاتيونيه ولقد اثبتت النتائج ملائمة طبيعة المواد المحضره للنظام التفاعل ذو الترتيب الثنائي. وكانت
 قدرات الامتزاز القصوى من الكونغو الحمراء 234 و 116 ملغرام/جرام اما بالنسبة للصبغة الماكسيلون الأزرق
 علي التوالي. كما انها متوافقه H-SMA-CS و S-SMA-CS فقد كانت 702 و 1830 ملغرام/جرام لكل من 

. للامتصاصFreundlichمع نموذج 


