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ABSTRACT
The  aim  of  this  work  was  to  investigate  the  efficiency  of  copolymer  microbeads  (styrene-
divinylbenzene functionalized with trimethylamonium groups) as adsorbents for removal of direct 
dyes (orange  OD, and green  GD) from aqueous solutions. The influence of initial concentration, 
and  contact  time  on  the  adsorption  have  been  investigated.  With  increasing  of  the  initial  dye 
concentration,  the  amount  of  dye  adsorbed increased,  while  the  percentage  removal  decreased, 
indicated that the dye removal is concentration dependent. The adsorption kinetics of the removal of 
studied  dyes  has  been  investigated.  The  kinetics  of  adsorption  is  described  by  the  first-order 
Lagergren  model,  and  pseudo  second-order.  The  correlation  coefficients  (R2)  were  used  to 
determine the best fitting kinetic model. The best fits were obtained with the second order kinetic 
model (higher values of R2), meaning that the adsorption process for OD and GD dyes removal, can 
be described by the pseudo-second order kinetic model.
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Introduction

Wastewaters containing direct dyes discharged from various industries, in particular textile 
industry often causes many environmental problems [1, 2]. Direct dyes are highly soluble in water, 
so their removal from wastewaters is highly difficult [3]. Even dyes at very low concentrations in 
the  effluent  are  highly  visible,  and  are  considered  undesirable.  The  colored  wastewaters  are 
considered  toxically  for  aquatic  biosphere,  and  affect  symbiotic  process  by  reducing  the 
photosynthetic  activity [4, 5].  Several  methods (coagulation/flocculation [6], chemical  oxidation 
[7],  membrane  separation  [8],  adsorption  [9],  electrochemical  reduction  [10],  microbiological 
decomposition  [11],  etc.)  have  been  developed  to  remove  color  from dye-containing  effluent, 
varying in effectiveness, economic cost and environmental impact. Currently the sorption technique 
is proven to be an effective and attractive process for the treatment of the coloured wastewaters. 
Due to their diversity in surface and porosity, high physical-chemistry stability, and regeneration 
and  reuse  for  continuous  process,  polymeric  adsorbents  (polystyrene,  polymaleic  anhydride, 
polymethyl methacrylate and their derivatives) have been used as alternative to activated carbon in 
removal and recovery of organic pollutants from industrial wastewaters [12, 13].

The  aim of  the  present  work  was  to  study the  efficiency  of  copolymer  microbeads,  as 
adsorbent to remove direct dyes from aqueous solutions. For this purpose kinetic studies have been 
performed. The influences of process variables such as contact time, and initial concentration have 
been investigated.

Results and discussion

Characterization of copolymer microbeads
The samples of StDVB-NMe microbeads, before and after dye attachment, are presented in 

Figure 1.

 

(a) (b) (c)
Fig. 1. Samples of: (a) StDVB-NMe microbeads, (b) OD dye attached to StDVB-NMe, and (c) GD 

dye attached to StDVB-NMe

The  surface  morphology  of  the  CoNMe  microbeads,  before  and  after  adsorption 
experiments, are emphasized by electron micrographs (Fig. 3)

  

(a) (b) (c)
Fig. 2. SEM images for: (a) StDVB-NMe; (b) StDVB-NMe with OD dye; (c) StDVB-NMe with 

GD dye

As seen in Figure 2, the microbeads have a uniform and spherical form with almost compact 
structure and smooth surface characteristics.

The  elemental  analysis  of  the  unmodified  StDVB-NMe and  dye-attached  StDVB-NMe 
beads  were  carried  out,  and  the  attachment  of  the  dyes  were confirmed  by an  increase  of  the 



nitrogen content from 4.9 % in the original material to 5.8 % in StDVB-NMe with OD dye, and 5.4 
% in StDVB-NMe with GD dye respectively.

Effect of initial dye concentration and agitation time
Effects of contact time on the adsorption capacity of  StDVB-NMe at different initial dye 

concentrations are presented in Fig. 3, and Table 1. As shown in Figure 3, the adsorption is rapid in 
the initial stages, and after reaching the equilibrium, remained nearly constant, due to the saturation 
of the active centre available for `dye on the adsorbent surface.
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Fig. 3. Adsorption of studied dyes (OD, GD) at different initial dye concentrations. 
Conditions: adsorbent dose 100mg/100mL; temperature 30±1oC, and pH 7.21.

Table 1. Amount and percentage of adsorbed dye

Dye
Dye 

concentration 
(mg/L)

qe

(mg/g)
te

(min)
η

(%)

OD
8 7.66 35 99.05
40 39.11 75 98.13
80 77.32 90 97.99

GD
10 9.07 95 98.53
45 42.02 140 89.47
90 81.48 210 88.47

Conditions: pH 7.21; temperature 30±1oC

The uptake of the studied dyes (mg/g) increased with the increase in initial concentration, 
while the percentage removal decreased (Table 1), indicated that the dye removal is concentration 
dependent.  The  necessary  time  for  reaching  the  equilibrium increased  with  increasing  the  dye 
concentration, and with increasing the molar mass of investigated dyes OD < GD.

Adsorption kinetics
The adsorption kinetics of investigated dyes from aqueous solution on StDVB-NMe microbeads 

has  been  investigated.  The  experimental  results  were  analyzed  using  the  first-order  Lagergren 
model and pseudo second-order kinetic model. The first-order rate expression of Lagergren (1) was 
used for determined the rate constants of first order adsorption  k1 (min-1), for the removal of all 
three dye by investigated adsorbent:
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where:  qe and  q are  the  amount  of  dye  adsorbed  on  adsorbent  at  equilibrium and any time  t, 
respectively (mg/g). The plot of log(qe-q) versus t will give a straight line, and the value of k1 can be 
obtained from the slope of the graph (Figure 4).



The second-order kinetic model is expressed as:
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where:  k2 is  the  pseudo-second-order  equilibrium rate  constant  (g/mg min).  A plot  of  t/q as  a 
function of t is linear, and the value of k2 is determined from the slope and intercept (Figure 5).

The correlation coefficients (R2) were used to determine the best fitting kinetic model.
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Fig. 4. Lagergren plot for the adsorption of OD, and GD dye on StDVB-NMe
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Fig. 5. Second-order kinetic model fitting for the adsorption of OD, and GD dye on StDVB-NMe.

Data obtained gave poor fits with the first order model, but very good fits with the pseudo-
second  order  model  for  both  systems,  and  at  different  initial  concentration,  as  shown  by  the 
correlation coefficient (Figure 4, and Figure 5). The correlation coefficients for the linear plots of 
t/qt against time from the pseudo-second order rate law are greater than 0.993. This suggests that 
the adsorption of studied direct dyes onto copolymer microbeads follows the pseudo-second order 
model reactions.

The computed results obtained from the first and second order kinetic models, at different initial 
concentration of studied dyes are presented in Table 2. 

Table 2. Comparison of experimental and calculated qe values, and first order and pseudo-second 
order adsorption rate constants, for the adsorption of studied dyes on StDVB-NMe

Dye Initial dye 
concentration 

(mg/L)

qe (exp) 
(mg/g)

First order kinetic model Second order kinetic model
qe (calc) 
(mg/g)

k1 x 10-2 

(min-1)
qe (calc) 
(mg/g)

k2 x 10-2

(g/mg min)

YD
8 7.66 2.09 5.645 7.72 11.47
40 39.11 20.65 2.303 41.27 0.244
80 77.32 35.6 2.309 80.26 0.134



VD
10 9.07 6.31 3.418 9.84 0.773
45 42.02 28.95 1.985 45.81 0.096
90 81.48 79.47 1.808 83.81 0.026

Conditions: temperature 30oC; adsorbent dose 100 mg/100mL; pH 7.11.

An increase in the initial  dye  concentration reduces kinetics  of studied dyes  sorption as 
shown in Table 2.

The mechanism of adsorption onto copolymer was deduced to be chemisorption and the rate-
limiting step is being controlled mainly by external mass transfer.

In conclusion, from the obtained date we can estimate that the dye removal process can be 
performed with good results using StDVB-NMe microbeads as adsorbent. The adsorption process 
for the studied direct dyes removal, can be described by the pseudo-second order kinetic model.

Experimental

Materials
Two types of direct dyes were used as adsorbate: a symmetrical  disazo dye (OD) and a 

trisazo dye  (GD).  The chemical  structures of the investigated dyes  are shown in Figure 6. The 
synthesis and characterization of the studied dyes were presented in previous papers [14, 15].
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The dyes were purified by several recrystallizations from distilled water and characterized by thin 
layer chromatography and UV-Vis spectroscopy and mass spectroscopy (FAB-MS).

For dyes removal we investigated a copolymer of styrene-divinylbenzene with quaternary 
ammonium  functional  groups  supplied  in  the  chloride  form  as  counter-ions,  (strongly  anion 
exchanger resin).

Physico-chemical determinations
UV-visible  absorption  spectra  of  the  dyes  were  recorded  using  a  CECIL  CE  7200 

Spectrophotometer in the wavelength range 250 to 750 nm. 
The structural characterization of the copolymer microbeads, before and after dye attaching, 

was performed by environmental scanning electron microscopy (ESEM). The ESEM studies were 
performed on Quanta 200 instrument. Samples were fixed by means of colloidal silver on copper 
supports. The samples were covered with a thin layer of gold, by sputtering (EMITECH K 550x). 
The coated surface was examined by using an Environmental Scanning 200, operating at 5 KV with 
secondary electrons in High Vacuum Mode.

The estimation of the nitrogen content in the StDVB-NMe and dye-attached StDVB-NMe 
beads has been performed by Energy Dispersive X-ray (EDX) analysis on the Quanta 200 (FEI) 
electron microscope equipped with EDX system.



Method
The dyes adsorption on the copolymer  microbeads was studied in aqueous solutions. For 

dye immobilization on the copolymer microbeads (StDVB-NMe), 100mL of dye solution, and 0,1g 
copolymer were stirred magnetically at 250 rpm. The mixture was maintained under continuous 
stirring  for  a  specific  time  t  (equilibrium time).  After  reaction,  the  colored  microspheres  were 
separated through filtration, washed with distilled water (2×20 mL), and dried at 40°C for 24 hour.

The effect of initial concentration of the dye on the adsorption study was carried out using 
solutions of dyes with different concentrations ranging from 1∙10-5 M to 1∙10-4 M.

In  the  kinetic  experiment,  the  changes  of  absorbance  were  determined  at  certain  time 
intervals (0÷400 min) during the adsorption process.

The amount of adsorbed dye per unit copolymer (mg dye/g dry copolymer) was calculated 
using relation (3):

W
VCCq t

t
⋅−= )( 0 (3)

where: qt is the amount of dye adsorbed onto the copolymer unit at time t (mg/g), C0 and Ct  are the 
dye concentration in solution at initial time and at equilibrium (mg/L), V is the solution volume (L), 
and W is the amount of copolymer (g).

The percentage of dye removal (η) was evaluated using relation (4):

100
0

0 ×= −
C
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where Ce is dye concentration at equilibrium (mg/L).
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