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Microspheres with different crosslinking degrees were obtained 
by amidation reaction of maleic acid copolymers with 
ethylenediamine in suspension. Poly(maleic anhydride-alt-
styrene) (MAn-St), poly(maleic anhydride-alt-vinyl acetate) 
(MAn-VA) and poly(maleic anhydride-alt-N-vinylpyrrolidone) 
(MAn-NVP) were used in order to investigate the role of the 
polymer structure on the properties of the obtained 
microspheres. The swelling of the microspheres is influenced by 
the pH, the structure of the maleic copolymer and the 
crosslinking degree. The microspheres were used in the 
adsorption of rhodamine 6G from aqueous solution. The dye 
removal efficiency was relatively high (around 97 %). The 
equilibrium adsorption data were better fitted with Langmuir 
isotherm compared with Freundlich model. The maximum 
adsorption capacity of the microspheres was between 960 and 
2390 mg/g, increasing with the decrease of the crosslinking degree and with the structure of the parent copolymer in the order: MAn-St 
<MAn-NVP<MAn-VA. The kinetic experimental data were better fitted with pseudo-second-order-model.  

 
 
 

INTRODUCTION* 

Dye removal from industrial wastewater is an 
important issue for the environment protection. 
Adsorption of dyes onto water-insoluble materials or 
hydrogels is one of the most important methods for 
colouring removal. Various adsorbents are studied: 
low-cost adsorbents derived from waste materials but 
with relatively low adsorption capacity, natural 
polymers and their derivatives that have the 
advantage of renewability, and synthetic polymers 
that have the advantage of tailored properties.1-4  

Maleic anhydride copolymers are synthetic 
polymers with properties that can be tailored by the 
proper choice of the comonomer or by chemical 
reactions.5,6 Their hydrolysis leads to the obtaining 
                                                            
* Corresponding author: ipopescu@icmpp.ro  

of maleic acid copolymers that are anionic 
polyelectrolytes with two adjacent carboxylic 
groups. Hydrogels based on the maleic copolymer 
can be obtained by radical polymerization of 
maleic anhydride (MAn) with a comonomer and a 
bi/tri-functional monomer,7-11 by gamma ray 
polymerisation of MAn with a comonomer,12-15 or 
by chemical reaction of a preformed maleic 
copolymer with molecules having more than one 
amine or hydroxyl groups.16-18 Crosslinked maleic 
copolymers can be used for the adsorption of metal 
ions13,15 or dyes.8-12,14,18  

In our previous work we obtained microspheres 
by crosslinking of poly(N-vinyl caprolactam-co 
maleic acid), which proved to have a high dye 
adsorption capacity.18 In the present paper 
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microspheres were obtained by crosslinking of 
different alternant maleic anhydride copolymers in 
order to follow the influence of the comonomer on 
the dye adsorption properties of these 
microspheres. Poly(maleic anhydride-alt-styrene) 
(MAn-St), poly(maleic anhydride-alt-vinyl acetate) 
(MAn-VA) and poly(maleic anhydride-alt-N-
vinylpyrrolidone) (MAn-NVP) were used for this 
purpose. If in the previous paper the maleic 
copolymer was in the acidic form, and the 
crosslinking was performed with a bifunctional 
amine in the presence of coupling agents,18 in the 
present paper the maleic copolymers were in the 
anhydride form, so the crosslinking could be 
performed in organic solvent without catalysts. 
Dimethyl sulfoxide/paraffin oil suspension was 
used in order to obtain maleic copolymer networks 
in the form of microspheres. Their hydrolysis led 
to the obtaining of a higher amount of carboxylic 
groups in the microspheres. Due to these weak 
acidic groups, the swelling of the microparticles is 
 

influenced by the pH. The influence of the maleic 
copolymer structure and of the crosslinking degree 
on the swelling and on the adsorption of rhodamine 
6G was investigated. The experimental equilibrium 
data were fitted with Langmuir and Freundlich 
isotherms. For a better understanding of the dye 
adsorption mechanism, the adsorption kinetics 
were fitted with different models. 

RESULTS AND DISCUSSION 

Synthesis and characterization of microspheres 
The microspheres were prepared by crosslinking 

of maleic anhydride copolymers with ethylenedia-
mine in suspension (Scheme 1). Three maleic 
copolymers with alternant structure were used: MAn-
St, MAn-VA, and MAn-NVP. The crosslinker 
amount introduced in the reaction varies between 
100% and 12% reported to the maleic copolymer. 
Table 1 presents the notation of the samples.  
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Scheme 1 – Synthesis of maleic copolymer microspheres and their hydrolysis. 

 
Table 1 

Preparation conditions for maleic copolymer microspheres together with the exchange capacity 
Preparation Sample 

Parent copolymer Crosslinker (%)* 
Ion exchange capacity 

(meq/g) 
SM-100 MAn-St 100 3.55 
SM-50 MAn-St 50 5.06 
SM-25 MAn-St 25 6.08 
SM-12 MAn-St 12 6.92 
VM-50 MAn-VA 50 6.44 
VM-25 MAn-VA 25 7.89 
VM-12 MAn-VA 12 9.90 
PM-50 MAn-NVP 50 5.54 
PM-25 MAn-NVP 25 6.97 

*molar percentage of amine groups from ethylenediamine reported to anhydride groups from the copolymer ([NH2]/[MAn]·100%). 
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Figure 1 and Figure 2 present the optical 
microscopy images and the scanning electron 
micrographs of the micropaticles. The 
microparticles from the MAn-St copolymer have a 
perfect spherical shape when the crosslinking 
percentage is between 100 and 25%. Their 
dimensions are relatively uniform, between 35 and 
80 μm. When the more hydrophilic copolymers 
MAn-VA and MAn-NVP are used in the synthesis, 
the obtained microparticles are not so uniform in 
shape and size. When only 12% of crosslinker was 
used, some of the polymer was not entrapped in the 
network and was removed during the washing 
procedure. That is why the SM-12 and PM-25 

microparticles in dry state appear to have 
collapsed, as it can be seen from SEM microscopy 
(Figure 2). 

Figure 3 presents the FTIR spectra of the SM 
microparticles compared with the parent MAn-St 
copolymer. With the increase of the crosslinking 
degree from SM-12 to SM-100, the characteristic 
bands of the anhydride cycle from 1857 and  
1780 cm-1 decreased and the characteristic bands 
for the newly formed amide groups increased (1652 
and 1541 cm-1). New band appears at 1719 cm-1 in the 
spectrum of the microparticles due to the free 
carboxylic groups resulted from the opening of the 
anhydride cycles in the amidation reaction. 

 

 
Fig. 1 – Optical microscopy images of microspheres. 

 

 
Fig. 2 – Scanning electron microscopy (SEM) images of dried microparticles. 
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Fig. 3 – FTIR spectra of MAn-St copolymer (up), SM-12 microspheres (middle), and SM-100 microspheres (down). 

 

 
Fig. 4 – Influence of the pH on the swelling of SM (a), VM (b), and PM (c) microspheres in aqueous buffer solution. 

 
The ion exchange capacity of the microspheres 

was determined by indirect titration. The results 
were depicted in Table 1. The exchange capacity is 
given by the carboxylic groups from maleic cycles 
opened by amidation reaction and by the anhydride 
cycles that are hydrolysed during the neutralization 
(Scheme 1). Generally, the ion exchange capacity 
increases with the decrease of the crosslinking 
degree due to the presence of more carboxylic 
groups from the unreacted anhydride cycles. For 
further experiments all the microspheres were 
hydrolysed and used in Na+ form.  

The solvent retention was measured for each 
sample in different aqueous pH buffer solutions 
(Figure 4). The swelling of the microparticles 
increases with the pH, thus at acidic pH, when the 
carboxylic groups are in protonated form, the 
solvent retention is low - around 3 g/g for the 
hydrophilic VM and PM microparticles and only 1 
g/g for the hydrophobic SM microparticles. With 
the increase of the pH the dissociation of the 
carboxylic groups leads to the increase of network 
hydrophilicity and to the increase of the aqueous 
solvent retention. For the microspheres with the 
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same parent copolymer, the decrease of the 
crosslinking degree leads to the increase of 
swelling capacity. This behaviour is better 
observed at high pH values where all the 
carboxylic groups are dissociated. If the 
microspheres with the same crosslinking degree 
(50 or 25%) but with different parent copolymer 
are compared, it can be observed that SM 
microspheres based on the more hydrophobic 
MAn-St copolymer have the lowest solvent 
retention, and that more hydrophilic VM 
microspheres have the highest solvent retention. 

Dye adsorption 

Effect of initial pH and sorbent dosage 

The initial pH of the dye solution is an 
important parameter in the adsorption of dyes from 
wastewater, especially when the adsorbent has 
weak ionic groups whose dissociation is influenced 
by the pH.18,19. The effect of the pH on the amount 
of dye adsorbed onto VM-25 microparticles at 
equilibrium was investigated by varying the initial 
solution pH in the range 2.5-11 (Figure 5a). At 
pH=2.5 the carboxylic groups from the maleic 
copolymer are protonated, and the adsorption is 
quite low, but the carboxylic groups dissociate 
with the increase of the pH and the adsorption of 
the cationic dye molecules increases. Over pH=4, 
the adsorption of R6G remains constant with the 
increase of the pH. That is why in the subsequent 
experiments the pH of the initial dye solution was 
5.4, the natural pH of the R6G in distilled water.  

In order to study the effect of the adsorbent 
dose on dye adsorption, different amounts of 
microspheres (2.5-32 mg) obtained from different 
copolymers but with the same crosslinking degree 
were put in contact with 50 ml R6G solution with a 
500 mg/L concentration. The results are presented 
in Figure 5b. The dye removal efficiency increases 
with the microparticle load. R6G is largely 
removed (96-98%) at adsorbent doses over 15 mg, 
no matter the microparticles used (VM-25, PM-25, 
or SM-25). The amount of dye molecule per gram 
microparticles (qe) decreases with the adsorbent 
dose because the amount of dye in the initial 
solution is constant, therefore with the increase of 
the adsorbent dose some of the adsorbent sites 
remain free, without dye molecules to interact. It 
can be observed that the microparticles obtained 
from MAn-VA (VM-25) have the highest qe 
values, compared with PM or SM microparticles 
with the same crosslinking degree. 

Adsorption isotherm 

The adsorption isotherms that describe the 
distribution of the adsorbate between the liquid 
phase and the adsorbent give information about the 
adsorption process and are critical in optimising 
the use of maleic copolymer microspheres. The 
results obtained for the adsorption of R6G on SM, 
VM and PM microspheres with different 
crosslinking degree are presented in Figure 6. The 
experimental data were examined using Langmuir 
and Freundlich isotherm models.20,21 The first 
isotherm model is based on the assumption that the 
adsorption sites are energetically equivalent and 
homogeneously distributed on the surface of the 
adsorbent and that each site adsorbs only one 
molecule of sorbent (monolayer adsorption), while 
the second model can be applied to heterogeneous 
surfaces, with a non-uniform distribution of 
adsorption energy. The Langmuir isotherm 
equation has a hyperbolic form:  

 
eL

eLm
e CK

CKqq
+

=
1

       (1) 

where qe is the dye concentration in the solid at 
equilibrium (mg/g), qm is the theoretical limit of 
adsorption when the monolayer surface is fully 
covered with dye molecules (mg/g), and the KL 
(L/mg) is Langmuir constant and reflects the 
adsorbent-adsorbate affinity. The linear form of 
Langmuir isotherm can be expressed as:  
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and this representation is given in Figure 7a for the 
adsorption of R6G onto SM microspheres.  
Freundlich isotherm in linear form is expressed as: 

 Fe
F

e KC
n

q loglog1log +=     (3) 

where KF (1/g) is the Freundlich constant 
related to the bonding energy and 1/nF is the 
heterogeneity factor. If 1/nF = 1, the adsorption is 
linear, if 1/nF > 1, the adsorption process is 
chemical, and if 1/nF<1, the adsorption is a 
favourable physical process.22 Figure 7b presents 
the illustration of this equation for the adsorption 
of R6G onto SM microspheres, but the calculations 
were made for all the samples. 
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Fig. 5 – (a) Influence of the initial pH on the adsorption of R6G at equilibrium on VM-25 microspheres ([R6G] = 200 mg/L, dye 
solution volume = 50 mL, adsorbent dose =10 mg, contact time 48 h); b) Influence of the adsorbent dose on the adsorption of R6G 
                and on the removal efficiency ([R6G] = 500 mg/L, dye solution volume = 50 mL, pH=5.4, contact time 48 h). 
 

 
Fig. 6 – Equilibrium adsorption isotherms of R6G onto microparticles based on maleic copolymers (SM, VM and PM with different 
crosslinking degrees). The experimental data are presented together with the fittings with Langmuir model (solid lines) and 
    Freundlich model (dash lines). [sorbent dose =10 mg, dye solution volume = 50 mL, pH=5.4, shaking rate = 200 rpm, 23°C]. 
 

 
Fig. 7 – The linearized form of Langmuir isotherms (a) and Freundlich isotherms (b)  

describing the adsorption of R6G onto SM microspheres. 
 

The adsorption equilibrium constants and the 
correlation coefficients obtained from the fitting of 
the experimental data with the Langmuir and 
Freundlich adsorption isotherms are listed in  
Table 2. The obtained R2 values suggest that the 
experimental values for the adsorption of R6G 
onto maleic copolymer microspheres fitted best on 

Langmuir isotherm model (R2 around 0.998). This 
can be due to the homogeneous distribution of the 
active sites and to the interaction of an active site 
with only one R6G molecule which leads to the 
formation of a monolayer. The monolayer 
maximum adsorption capacity increases in the 
order: SM<PM<VM, but this can be due to the 
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increase of the amount of free carboxylic groups in 
the microparticles in this order (see the exchange 
capacity from Table 1) and to the higher aqueous 
swelling ability of VM and PM microparticles 
compared with the more hydrophobic SM 
microparticles. For the same parent copolymer, the 
values increase with the decrease of the 
crosslinking degree, also due to the increase of the 
amount of carboxylic groups and to the increased 
accessibility to these sites.  

The experimental data were poor fitted with 
Freundlich model, as it can be seen from the linear 
correlation coefficients (Table 2) and from Figure 
6. Anyway, the subunitary value of 1/nf reveals a 
favourable physical adsorption process between 
the maleic copolymer substrate and the cationic 
dye molecules.  

In Table 3 are presented the adsorption capacity 
of different materials for R6G. The maximum 

adsorption value of VM microparticles is between 
1870 and 2380 mg/g, very high compared with 
natural materials, wastes or even functionalized 
polysaccharide and comparable with other 
synthetic hydrogels containing anionic groups.  

Adsorption kinetics 

The effect of contact time on the dye adsorption 
onto SM, VM, and PM microspheres is presented 
in Figure 8a. In order to compare the results, 
microspheres with the same crosslinking degree 
(50%) were chosen for these experiments.  

The experimental data were analysed by several 
kinetic models: Langergren known as pseudo-first-
order kinetic model (Eq. 4), pseudo-second-order 
model (Eq. 5) and particle diffusion model  
(Eq. 6).36-38 

 
Table 2 

Langmuir and Freundlich coefficients for R6G adsorption onto maleic copolymer microspheres  
(Ci=100-900 mg/L, dye solution volume = 50 mL, adsorbent dose =10 mg, pH=5.4, 200 rpm, 23°C) 

Langmuir isotherm Freundlich isotherm 
Adsorbent qm (mg/g) KL (L/mg) R2 KF (L/mg) 1/nF R2 

SM-50 965 0.117 0.999 369 0.168 0.806 
SM-25 1515 0.033 0.998 211 0.341 0.850 
SM-12 1756 0.334 0.999 946 0.116 0.586 
VM-50 1872 0.069 0.998 390 0.283 0.699 
VM-25 2165 0.082 0.998 455 0.291 0.661 
VM-12 2386 0.066 0.998 437 0.307 0.731 
PM-50 1402 0.060 0.997 332 0.248 0.740 
PM-25 1881 0.076 0.998 654 0.180 0.743 

 
Table 3 

Maximum adsorption capacity for R6G onto other adsorbents, as reported in the literature 

Adsorbent qm (mg/g)  Ref. 
 

biological sludge 16 1 
hydrocar from hydrothermal carbonization of food waste 71 2 
ground coffee 17 3 
almond shell 32 4 
bentonite 111 5 
activated carbon 44 6 
 64 7 
calcium carbonate (vaterite) 31 8 
carboxylate-functionalized cellulose 118 9 
phosphorylated cellulose microspheres 78 19 
grafted sodium alginate graft polyacrylic acid hydrogel 334 10 
polyacrylamide grafted gum graft karaya and nickel sulphide nanoparticles (composite 
material) 

1244 11 

sodium alginate graft poly(acrylic acid-co-2-acrylamide-2-methyl-1-propanesulfonic 
acid)/kaolin hydrogel composite 

1627 12 

poly(N-vinyl caprolactam-co-maleic acid) microparticles 2012 18 
poly(acrylic acid-co-acrylamide) superabsorbent hydrogels 2570 13 
Poly(maleic acid-co-vinyl acetate) microparticles 2386 This work 
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where qt and qe are the dye amount adsorbed at time t 
(min) and at equilibrium, respectively, k1, the pseudo-
first-order rate constant (min-1), k2 is the pseudo-first-
order rate constant (g/mg·min), ki is the intra-particle 
diffusion rate constant (mg/g·min1/2) and I is the 
intercept of the y axis (mg/g) that is directly 
proportional to the boundary layer thickness. 

The fittings of the experimental data with these 
three models are shown in Figure 8 b,c,d, and the 
values of the obtained parameters are given in 
Table 4. The best correlation coefficients were 
obtained for the pseudo-second-order model 
(around 0.997) and in addition, the qe values 
calculated with this model are the closest to the 
experimental ones. The adsorption systems obey 
the pseudo-second-order model over the entire 
sorption time (Fig. 8c) and this supports the 
assumption of chemisorption behind the model. 
The dye adsorption takes place via surface 
exchange reactions until the functional sites on the 
 

surface are fully occupied, there after, dye molecules 
diffuse into the network for further interactions 
with the polymer (hydrogen bonding, hydrophobic 
interactions). The qe values increase in the order: 
SM-50<PM-50<VM-50, but the rate constants k2 
increase in the reverse order.  

If the adsorption is seen as a multi-step process 
that involves the transport of the dye molecules 
from the solution to the surface of the solid 
followed by the diffusion of the dye into the pore 
interiors, the intra-particle diffusion model should 
be considered. From Figure 8d it can be observed 
that the dependence of qt versus t1/2 presents a 
multilinearity over the whole time range, 
indicating that two or more steps occurred in the 
adsorption process. The first step is attributed to 
the diffusion of R6G into microspheres, while in 
the second step the diffusion process was slowed 
down and the equilibrium was installed. It can be 
observed that in the first step the line does not pass 
through origin (I≠0), this being an indicative of 
some boundary layer control, meaning that the 
mass-transfer was not the only controlling 
mechanism, the surface adsorption being also 
involved. The intra-particle rate constant ki has the 
lowest value for SM-50 microspheres compared 
with the more hydrophilic VM-50 and PM-50 
microspheres.  

 
Fig. 8 – (a) Kinetics of R6G sorption onto SM, VM, and PM microspheres (50 % crosslinking degree) with 
contact time (adsorbent dose 10 mg, [R6G]=500 mg/L). Linear regression plots: (b) pseudo-first order model, 
                                  (c) pseudo-second order model, and (d) intra-particle diffusion model. 
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Table 4 

Parameters of the kinetic models for the adsorption of R6G dye onto SM, VM, and PM microparticles with 50% crosslinking degree 
(adsorbent dose 10 mg, [R6G]=500 mg/L, solution volume = 50 mL) 

Pseudo-first-order Pseudo-second-order Intra-particle diffusion  
(first step) 

Sample qe,exp 
(mg/g) 

qe,calc 
(mg/g) 

k1 (min-1) R2 qe,calc 
(mg/g) 

k2 
(g/mg·min) 

R2 I (mg/g) ki 
(mg/g·min) 

R2 

SM-50 600 430 0.0023 0.949 625 0.0000108 0.997 11.4 25.7 0.995 
VM-50 1810 1400 0.0027 0.993 2000 0.0000039 0.997 236 54.3 0.991 
PM-50 1435 1240 0.0039 0.974 1428 0.0000058 0.998 7.7 59.4 0.977 

 
EXPERIMENTAL 

Materials 

MAn-St, MAn-VA, MAn-NVP copolymers were obtained 
by radical polymerisation of maleic anhydride with the 
comonomers: styrene, vinyl acetate, and N-vinylpyrrolidone, 
respectively.39-41 The 1:1 copolymers composition (MAn : 
comonomer) was verified by 1H NMR spectroscopy and 
conductometric titration. The molar mass of the copolymers, 
determined by viscometry, was 105 kDa, 44 kDa, and 90 kDa 
for MAn-St, MAn-VA, and MAn-NVP, respectively. 
Ethylenediamine, paraffin oil, dimethyl sulfoxide, Span 80, 
rhodamine 6G were purchased from Sigma-Aldrich and used 
as received. pH buffer solutions in the pH range 2…12 were 
prepared using citric acid, phosphoric acid, boric acid and 
NaOH.42  

Methods 

Synthesis of microparticles 
The maleic anhydride copolymers were solubilized in 

dimethylsulfoxide, the polymer concentration being 0.125 g/mL. 
The obtained solution (8 mL) was dispersed into continuous 
phase: 60 mL paraffin oil containing 5 g Span 80 as stabilizer. 
The suspension was stirred for 1 hour at 400 rpm using an 
anchor type blade. Ethylenediamine (in different ratios 
reported to the maleic copolymer) was mixed with 1 mL 
dimethyl sulfoxide and introduced in the reaction. The mixing 
continued for 14 hours at room temperature, then the formed 
microparticles were washed with diethyl ether (for the 
removal of the paraffin oil and the surfactant), THF, dimethyl 
sulfoxide, THF, acetone and diethyl ether in this order for the 
removal of unreacted polymer and crosslinker.  

Characterization of microparticles 
The size and the morphology of the dried microparticles 

were evaluated using a Leica DM 2500 M optical microscope 
and a SEM-EADX Quanta 200 (FEI) electron microscope. 
FTIR spectra were recorded on KBr pellets using a Varian 70 
Bruker spectrometer. 

Ion exchange capacity of the microspheres was 
determined by indirect potentiometric titration. Microspheres 
were swollen in water, NaOH solution was added in excess in 
order to open the unreacted anhydride cycles and to dissociate 
the carboxylic groups. After 24 h, the NaOH from the 
supernatant was titrated with HCl solution using a Metrohm 
all purposes 716 DMS Titrino apparatus equipped with a 
6.0203.100 combined electrode. The exchange capacity was 
expressed as meq carboxylic groups/ g dried particles.  

Solvent retention was measured by centrifugation method. 
The dried microspheres (wd-weight of dried microspheres) 

were placed in stainless steel baskets that have a sieve and a 
filter paper at the bottom, and the baskets were immersed into 
buffer solutions with a certain pH. After the swelling of the 
microspheres for 24 hours, the baskets were centrifuged for  
15 min at 1000 rpm and immediately weighed (ww-weight of 
hydrated sample in buffer solution). The solvent retention 
(SR) was calculated as: 

 , /w d

d

w wSR g g
w
−

=  (7) 

Dye adsorption 
Adsorption studies were performed using the batch 

technique. R6G solution (50 mL) with different concentration 
was added on the microparticles (in the Na+ form) into 50 mL 
Erlenmeyer flasks at room temperature. The flasks were 
shaken at 200 rpm for 48 hours in the equilibrium studies or 
for different time intervals in the kinetic studies. The dye 
concentration was determined by UV-Vis spectroscopy using 
a Thermo Scientific Evolution 201 UV-Visible Spectrophotome-
ter. The adsorption at 526 nm was taken into consideration for 
rhodamine 6G quantitative determination. A previously made 
calibration curve was used. The effect of the initial pH of the 
dye solution was investigated by adding NaOH (1N) or HCl 
(1N) on the R6G solution. For the other studies the initial pH 
of the dye solution was 5.4, as obtained by dissolving the dye 
in distilled water.  

The amount of dye adsorbed at equilibrium (qe) was 
calculated with the equation: 

 0( ) , /e
e

C C Vq mg g
m
−

=     (8) 

where C0 is the initial dye concentration (mg/L), Ce is the 
concentration at equilibrium (mg/L), V is the volume of the 
solution (L), and m is the amount of dry microspheres (g).  
The dye removal efficiency (R%) was calculated with Eq. (9), 
where C0 and Ce have the same meaning as in Eq. (8). 

 0

0

% 100eC CR
C
−

= ×     (9) 

In the kinetic studies the amount of dye adsorbed at the time t 
(qt) was calculated as: 

 0( ) , /t
t

C C Vq mg g
m
−

=    (10) 

where Ct is the dye concentration after the interaction with the 
microspheres for the time t, C0 is the initial dye, V is the volume 
of the solution, and m is the amount of microspheres (g).  
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CONCLUSIONS 

Microspheres based on MAn-St, MAn-VA and 
MAn-NVP were obtained by crosslinking of the 
linear maleic copolymer with ethylenediamine in 
suspension. The FTIR spectroscopy confirmed the 
crosslinking by amidation reaction of maleic 
anhydride groups with the diamine. The ion 
exchange capacity, given by the carboxylic groups 
from maleic cycles opened by amidation reaction 
and from the anhydride cycles that are hydrolysed 
during the neutralization, increases with the 
decrease of the crosslinking degree. The swelling 
of the microspheres in aqueous buffer solutions 
increases with the pH and with the decrease of the 
crosslinking degree. The swelling of the 
hydrophobic SM microspheres is lower compared 
to the hydrophilic PM and VM microspheres.  

The anionic microspheres can be used for the 
adsorption of cationic dyes, like R6G. The dye 
removal efficiency obtained with SM, VM, and 
PM microparticles (with 25% crosslinking degree) 
as sorbent was very high: around 97% of the 
rhodamine 6G was removed. The dye adsorption is 
influenced by the initial pH only until pH=4, but 
over this value, the adsorption of R6G remains 
constant. The adsorption isotherms were better 
fitted with Langmuir model, compared to 
Freundlich model. The monolayer maximum 
adsorption capacity qm increases with the decrease 
of the crosslinking degree, but for the same 
crosslinking degree qm increases in the order: 
SM<PM<VM. The kinetic data were best fitted 
with the pseudo-second-order model. The fitting of 
the experimental data with the intra-particle 
diffusion model indicates the presence of two steps 
in the adsorption kinetics. The equilibrium and the 
kinetic studies showed that the most probable 
mechanism for adsorption is the electrostatic 
interaction between the cationic groups of the dye 
and the carboxylic groups of the maleic 
copolymers. At the same time, the hydrophobic 
interactions between the styrene units and the dye 
or the hydrogen bonds between vinyl acetate or 
vinyl pyrrolidone groups and R6G should also be 
considered. Microparticles based on MAn-VA with 
25 but especially with 12% crosslinking degree 
have the highest ion exchange capacity, the highest 
solvent retention and the highest theoretical limit 
of dye adsorption (qm = 2165 and 2386 mg/g), 
being the most suitable for the removal of cationic 
dyes from wastewaters.  
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