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      A composite, based on poly(N-vinylpyrrolidone) (PVP) and sodium bentonite, was prepared by a simple method. Structural 
characterizations of bentonite and the composite were performed by Fourier transform infrared spectroscopy (FTIR), X-ray diffraction 
(XRD) and thermogravimetric analysis (TGA). The TGA analysis showed a low loading of the polymer in bentonite. XRD analysis 
confirmed a modification in the structure of bentonite without affecting its crystalline nature. The prepared composite was used for the 
removal of Telon-blue, Telon-orange and Telon-red dyes in aqueous solution. Batch adsorption experiments were used to study the effect 
of the experimental parameters on the dyes equilibrium adsorption. At 23 °C, the maximum adsorption capacity obtained for the Telon-blue 
dye was 36.6 mg g-1 (73.10%) after 120 min equilibrium time, 28.8 mg g-1 (59.57%) after 40 min for orange-Telon, whereas, for Telon-red, 
we obtained 24.6 mg g-1 (50%) after 60 min. The kinetic data of the adsorbed dyes were defined by the pseudo second order, and the 
equilibrium data were fitted well with the Freundlich isotherm. The thermodynamic parameters were determined for Telon-blue dye, as the 
more important adsorption capacity values were achieved for this dye. The adsorption process is non spontaneous and exothermic.  
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INTRODUCTION 
 
      Environmental pollution is an increasing concern in our 
societies. Regarding water pollution, it is urgent not only to 
stop rejections from industries and urbanisation, but also to 
remove the present pollution; for instance, the need of an 
efficient textile industry wastewater treatment is vital. The 
presence of dyes in effluents, even in low concentrations, is 
a major concern because they are highly visible, toxic, and 
contain microorganisms which are harmful to human health 
[1,2]. Azo dyes comprise a large group of dyes; they are 
natural or synthetic/organic compounds that can connect 
themselves to the surface or fabrics to provide a bright and 
lasting color [3]. Anionic dyes are colored compounds that 
are highly soluble in water and have reactive groups which 
are able to form covalent bonds between dye and fiber [4]; 
as a result, these dyes are the most widely used in the textile  
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Industry. However, the discharge of such effluents is of 
concern for both toxicological and environmental reasons. 
Various physical, chemical, and biological decolorization 
methods, such as adsorption, coagulation, membrane 
separation, electrochemical, dilution, filtration, flotation and 
reverse osmosis technologies, have been proposed [5-7]. 
Among them, adsorption is a simple and efficient process in 
terms of operation that can remove the contaminants even at 
very low concentrations. 
      Bentonite is a form of clay. It is the most commonly 
employed adsorbent for water treatment due to its high 
swelling capacity, large specific surface area and high 
cation exchange capacity. However, aggregation of the 
bentonite particles under varying conditions of temperature 
and electrolytes hamper its large scale application as an 
adsorbent. It is necessary to add certain additives or 
polymers to stabilize and prevent this adsorption process. 
Many papers have focused on the incorporation of polymers 
in the interlayer of clay minerals producing nanocomposites  
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with adequate particle dispersion in water [8-10].                
This simple modification of clay has been proposed to 
improve the adsorption properties of pollutants such as  
dyes [11,12] and heavy metals [13-15]. The use of 
polymer/bentonite as an adsorbent for the removal of dyes 
from water has been investigated in various studies, 
including polyacrylamide-bentonite [16], chitosan-bentonite 
[17] and polyvinylimidasole-bentonite [18]. Hence, the 
present study deals with the valorization of locally available 
bentonite clay from the fields of Maghnia (west Algeria) 
used as a biodegradable polymer-based composite poly(N-
vinylpyrrolidone) as well as sodium bentonite as a new 
adsorbent used for the first time in the removal of anionic 
Telon dyes: blue, orange and red in aqueous solution. The 
effects of significant parameters such as contact time, pH, 
initial dyes concentration, temperature, composite dose and 
agitation speed on the adsorption efficiency of Telon dyes 
are evaluated. Also, thermodynamic, kinetic, and 
equilibrium parameters are investigated on the adsorption 
process. 
 
EXPERIMENTAL 
  
Adsorbent Material 
      The non-ionic polymer, poly(N-vinylpyrrolidone) PVP 
(Scheme 1), with average molecular weight 58000 g mol-1 
was provided from Sigma-Aldrich of Germany. 
      The natural clay sodium chloride-treated bentonite 
(sodium bentonite (Bt)) was provided from the fields of 
Maghnia, Algeria, National Company of Non-ferrous 
products (ENOF). The chemical composition of bentonite 
given by ENOF is shown in Table 1. The specific area of Bt 
was 79.83 m2 g-1.  
 
Dyes Solutions 
      Telon-dyes used in this study are organic anionic dyes 
industrially used for polyamide fibbers, namely Telon-blue 
(C22H14N6O9S2Na2) with a molecular weight 616.5 g mol-1

, 

Telon-orange (C16H11N2NaO4S) with a molecular weight 
350.32 g mol-1 and Telon-red (C22H16N3NaO6S2) with a 
molecular weight 505.5 g mol-1.  
      The stock solutions of the dyes were prepared by 
dissolving a quantity of the dye in distilled water. All 
working solutions were obtained by successive dilutions. At  

 
 

 
Scheme 1. Molecular Structure of PVP 

 
 
various times, the concentration of dyes remaining in        
the solution after adsorbent contact and centrifugation          
of the composite was determined using a UV-Vis 
spectrophotometer at the maximal adsorption wavelength 
(λmax, 498 nm for red, 609 nm for blue and 490 nm for 
orange Telon). 
 
Preparation of the Adsorbent  
      The composite PVP/Bt was prepared according to the 
procedure described in previous papers [15,19]. A 
concentration of 100 g l-1 of Bt (1 g) was used for 
preparation of the composite samples. A magnetic stirrer 
was used for 24 h to disperse Bt in water at room 
temperature. Then, the PVP polymer (0.18 g), with a 
concentration of 60 g l-1 dissolved in water was added drop 
wise to the Bt suspension. The mixture was stirred at room 
temperature for 24 h, then centrifuged at 3000 rpm for       
20 min. In order to obtain the final product, the sediment 
was washed with distilled water five times and dried at      
60 °C for one day. 
 
Characterization 
      Sodium bentonite, PVP and the composite were 
characterized using a Fourier transform infrared 
spectrometer (FTIR) Agilent Technologies Cary 600 Series 
(USA) to confirm the formation of the composite and the 
interaction between the polymer and the bentonite. An        
X-Ray Diffractometer Rigaku Americas Ultima IV with a 
Cu Kα radiation of1.54 Å was used to project the formation 
of the intercalated composite and characterize the presence 
of impurities in the range of 2 theta (2θ) from 3°-15°      
with a step of 0.02°. Thermogravimetric analysis (TGA) 
was used to study the thermal stability of the composite    
and  to  determine  the  weight  loss   at   each   temperature.  
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Thermogravimetric analysis was carried out on a TGA 
Q50V6.7. Build 203 instruments, Germany, with a heat rate 
of 10 °C min-1 from 20 °C to 800 °C.  For the dyes 
concentration determination, UV-Vis spectrophotometer 
analytic SPECORD 200 plus, Germany, was used. 
 
Adsorption Experiments 
      Dyes adsorption was investigated at 23 °C. The kinetic 
study was carried out using 1 g l-1 of adsorbent dose with an 
initial concentration of dyes of 0.05 g l-1.The experiments 
were realized in flasks shaken on a horizontal shaker at the 
constant vibration rate of 450 rpm. After adsorption, the 
solution was centrifuged at 3000 rpm for 10 min and an 
aliquot of the supernatant was analyzed by UV-Vis 
spectroscopy. All measurements were recorded at the 
wavelength corresponding to maximum absorbance, λmax, 
for each dye. 
      The pH of the solutions was maintained at the required 
pH value by adding appropriate amounts of 0.1 M NaOH or 
HCl. The mixtures were then stirred at 23 °C and the 
amounts of adsorbed dyes remaining in the supernatant 
solutions were identified spectrophotometrically. The 
studies of adsorption isotherms were performed using 1 g l-1 
of adsorbent dose at various concentrations ranging from 
0.01-0.1 g l-1. The effect of temperature on the adsorption 
capacity was also studied as variable from 25 °C to 55 °C. 
The effect of adsorbent dose was studied over the range of 
0.2-4 g l-1 while the concentration of dyes maintained 
constant (0.05 g l-1).  
The adsorption capacity of dyes adsorbed on the composite 
(qe, mg g-1) was calculated as follows (Eq. (1)): [20] 
 
      

m
VCCq i  )( 00

                                                          (1) 

 
Similarly,  the  adsorption  efficiency   (%)  of  dyes  on  the 

 
 
 
 
 
 
 
 
 
 
composite was calculated by the following equation (Eq. 
(2)) [20]: 
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where Ci (mg l-1) is the initial dyes concentration,                   
C0 (mg l-1) is the equilibrium concentration of dyes in the 
supernatant after centrifugation, V (l) is the volume of the 
dye solution and m (g) is the adsorbent mass. 
 
RESULTS AND DISCUSSION 
 
Characterization of the Adsorbent  
      FTIR analysis. The chemical structure of Bt and the 
composite were analyzed by FTIR spectrometry. The 
obtained spectra of bentonite and PVP are shown in Fig. 1, 
curves a) and b), respectively. The band located in the range 
3620-3680 cm-1 corresponds to the stretching vibrations of 
the OH groups of the octahedral layer and the deformation 
vibrations of the H2O molecules. The small peak (curve a) 
observed at around 1634 cm-1 is attributed to the 
deformation of HO-H of water. The strong band at            
1000 cm-1 represents the characteristic vibrations band of 
Si-O [21]. For PVP (Fig. 1, curve b), the peaks monitored at 
3478 cm-1 are assigned to O-H stretching, and the peaks at 
1423 cm-1 and 845 cm-1 corresponding to the CH2 scissoring 
vibrations and CH2 bending, respectively. The peaks at  
1642 cm-1 and 1277 cm-1 are apportioned to C=O stretching 
and C-N stretching [22]. The spectrum of the composite in 
Fig. 1, curve c shows the presence of the typical bands of 
bentonite and only an intensity decrease for the bands at 
1000 cm-1 corresponding to the Si-O band and 917 cm-1 of 
Al-O compared to the similar bands in bentonite (Fig.  1, 
curve a). The interaction between PVP and Bt occurred by 
the formation of hydrogen bonds between  the  C=O groups 

       Table 1. Chemical Composition of Bentonite 
 

Chemical 

composition 

SiO2 Al2O3 Fe2O3 MgO K2O CaO TiO2 Na2O As Loss on 

ignition 

Wt.% 64.7 18.1 0.95 2.66 0.8 0.61 0.2 1.43 0.05 10.0 
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Fig. 1. FTIR spectra of Bt (curve a), PVP (curve b) and PVP/Bt (curve c). 
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Fig. 2. Diffractograms of Bt (curve a), PVP (curve b) and PVP/Bt (curve c). 
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of PVP and the OH groups of silanol on the surface of the 
sodium bentonite, as described elsewhere [23].  
      On the other hand, the band of C=O in the composite 
was not identified. Indeed, the IR spectrum of the composite 
does not show clearly the introduction of PVP into the 
sodium bentonite, so, another method of characterization, 
such as the XRD, was needed. 
 
XRD Analysis 
      XRD is an available technique most commonly used to 
probe the clay modification by changes in the position, 
shape and intensity of the peak due to the (001) basal 
spacing of the crystalline structure of the clay; it can be used 
to verify the modification of the bentonite layers spacing 
due to the intercalation of organic polymers. Furthermore, 
the disappearance of this peak indicates the exfoliation of 
the bentonite layers [24]. X-ray diffraction studies were 
conducted on Bt, PVP and PVP/Bt. The X-ray powder 
profile of PVP (Fig. 2, curve b) showed the polymer is 
amorphous whereas the diffractogram of Bt confirmed          
the presence of montmorillonite peaks at 2θ = 9.2° with          
d001 = 9.5 Å. 
      On the other part, the X-ray diffraction pattern of the 
composite (Fig. 2, curve c) showed an increase in interlayer 
spacing d001 from 9.5 Å to 10 Å compared with Bt, as well 
as a shift of the diffraction peak towards lower angle values 
from 2θ = 9.2° (Bt) to 2θ = 8.9° for PVP/Bt. We suggest 
that the composite 001 peak shift to the lower angles is due 
to the insertion of a few polymer chains into the interlayer 
spaces of Bt, increasing slightly the average spacing. This 
result indicates that the PVP might lie flat on the silicate 
surface as a monolayer and with a vertical orientation 
comparable to other organo-clay systems cited by B. 
Makhoukhi et al. [25] 
 
TGA Analysis 
      Thermogravimetry is an essential method for studying 
the thermal stability of polymers; in our study we have used 
the TGA analysis for the determination of PVP intercalation 
in bentonite. TGA thermograms of Bt, PVP and PVP/Bt are 
illustrated in Fig. 3. For Bt (Fig. 3, curve a), a 0.5 % weight-
loss was recorded in the temperature range of 0-100 °C, 
corresponding to the evaporation of the physically adsorbed 
water   molecules   trapped  in  the  bentonite  interlayers.  A   

 
 
4.5% weight-loss in the temperature range of 380-600 °C is 
related to the removal of water molecules from the crystal 
lattice, with one alumina octahedral sheet sandwiched 
between two silica tetrahedral sheets. The presence of 
carbon and Cl is attributed to degradation of organic 
impurity molecules and to NaCl traces, respectively, in 
bentonite [26]. The thermogram of PVP (Fig. 3, curve b) 
shows 10% weight loss between 0 and 100 °C due to water 
molecules adsorbed by this hygroscopic polymer. The 
largest weight loss (80%), ranging from 380-600 °C, is 
related to the thermal decomposition of PVP. 
      For the composite thermogram represented in curve c of 
Fig. 3, 2.3% weight loss was recorded at the temperature 
range of 0-200 °C and 7.8% weight loss appeared at       
380-800 °C. The first is due to the evaporation of adsorbed 
water, the second is related to the decomposition of the PVP 
polymer. The amount of the composite weight loss between 
380 and 600 °C (7.8%) was larger than that of Bt (4.5%) so 
the amount of the intercalated polymer deduced from TGA 
was estimated to be 3.3. Thus, the bentonite modified with 
PVP increased the thermal stability of the composite [15]. 
 
Zeta Potential 
      The values of the zeta potentials of Bt and PVP/Bt are -
0.420 mV and -0.216 mV, respectively. These results 
indicate that the negative charge on the PVP/Bt composite 
was reduced compared to that of Bt. This reduction of 
negative charges can be explained by the screen of Bt 
negative charges by the polymer confirming the insertion of 
PVP on the silicate surface of sodium bentonite. 
 
Adsorption Studies 
      Effect of contact time. Before starting the kinetic study 
of dyes; a retention test was performed on the bentonite and 
the composite to get an idea about the best adsorbent of the 
three dyes. 
      Figure 4 shows the adsorption percentages for each 
anionic dye by Bt and PVP/Bt. The results show an 
improvement of the adsorption efficiency of dyes on the 
composite compared to the sodium bentonite from 45.23% 
to 73.1% for Telon-blue, from 41.2% to 59.57% for        
Telon-orange and from 36.8% to 50% for Telon-red. The 
adsorption efficiency for Telon-blue is better than Telon-
orange and Telon-red. 
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Fig. 3. TGA of a) Bt, b) PVP and c) PVP/Bt. 
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Fig. 3. Continued. 
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Fig. 4. Dyes removal percentage on sodium bentonite and composite (Conditions: adsorbent dose 1 g l-1, pH  
           6.15,  initial  dyes  concentration  0.05 g l-1,  temperature 23 °C, contact time 240 min, and agitation  

            speed 450 rpm). 
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      Figure 5 shows the influence of contact time on the dyes 
in their aqueous solutions with the PVP/Bt composite. The 
dyes removal was rapid in the initial stages of contact time, 
then increased slowly with further contact time and 
remained constant when the equilibrium time was reached. 
The equilibrium position was attained after 40 min for 
Telon-orange, 60 min for Telon-red and after 120 min for 
Telon-blue. 
      The adsorption capacity for Telon-blue was 36.6 mg g-1 
with an adsorption efficiency of 73.1%, whereas the 
adsorption capacity of Telon-orange and Telon-red was   
28.8 mg g-1, and 24.6 mg g-1

, with an adsorption efficiency 
of 59.6% and 50%, respectively. 
 
Adsorption Kinetics Model 
      In order to investigate the process involved in the 
adsorption of the dyes onto the composite, pseudo-first-
order and pseudo second-order kinetic models were used. 
These models are defined, respectively by Eqs. (3) and (4) 
[27]: 
 
      tkqqq ete 1ln)ln(                                                      (3) 

 
      t

qqkq
t

eet

11
2

2

                                                              (4) 

 
Here, qe and qt are the adsorption capacities (mg g-1) at 
equilibrium and after contact time t (min) of adsorption, 
respectively. k1 (min-1) and k2 (min g mg-1) are the pseudo-
first and pseudo-second-order rate constants, respectively.  
      The adsorption rate constant for the first-order kinetics 
can be determined from the plot of ln(qe - qt) against t. The 
equilibrium adsorption capacity (qe) and the second-order 
rate constant k2 can be determined experimentally from the 
slope and intercept of the plot of t/qt vs. t. The kinetic 
parameters for the pseudo-first and pseudo-second order 
kinetic models, based on Eqs. (3) and (4), are shown in 
Table 2.  
      The kinetic data for the dyes were best fitted to the 
pseudo-second order model, as shown by the highest 
correlation coefficients (R2 = 0.99 for the three Telon dyes) 
in relation to the linear variation of t/qt with time t, as shown 
in Fig. 6. The calculated amounts of dyes adsorbed             
at equilibrium (qe)  were  very  close   to the  experimentally  

 
 
obtained values (Table 2). The rate constants of the      
pseudo-second-order model were for Telon-blue           
0.010 min g mg-1, faster than the 1.78  10-4 min g mg-1 and 
0.36  10-4 min g mg-1 for Telon-red and Telon-orange, 
respectively. 
 
Effect of the Solution pH 
      The pH value of the dye solutions, affecting the surface 
charge of the adsorbent, is an important controlling 
parameter in the adsorption process [28]. Consequently, the 
investigation of the effect of pH on the adsorption process 
was helpful to reveal the adsorption mechanism. The effect 
of pH on the adsorption of dyes from 0.05 g l-1 
concentrations by the composite was studied by varying the 
pH from 3 to 11.8, as shown in Fig. 7. The adsorption 
efficiency of all three dyes increased from pH 3 to pH 6.15, 
then decreased when the pH value exceeded 6.15 (Fig. 7). 
The high adsorption of anionic dyes was due to the 
protonated form of composite PVP/Bt-OH2

+ and the 
electrostatic attraction occurred between the protonated sites 
and the anionic groups (-SO3

-) of the dyes, causing an 
increase of the dye adsorption. 
      The same results were observed by Makhoukhi et al. 
[29] when they used diphosphonium ion-exchanged 
montmorillonite for the adsorption of the same anionic 
dyes; better adsorption was obtained in an acidic medium. 
Another adsorbent such as poly (N-octyl-4-vinylpyridinium 
bromide) used by our group previously [30] for Telon-
orange dye adsorption also gave the same result. 
      However, with an increase in pH, the protonated form of 
the composite disappeared and the composite existed in the 
form of PVP/Bt-OH- so lower adsorption efficiency was 
observed. In the case of an abundance of hydroxide (OH-) 
ions, a repulsion between the anionic dyes and the 
negatively charged sites of the composite occurred.  
      We can also notice that the adsorption capacity of the 
Telon-blue dye increased than the other two dyes from pH 3 
to pH 6.15. This dye, containing two anionic sites, appears 
to be more reactive than the other two dyes with a single 
anionic site. 
 
Adsorption Isotherms 
      The Langmuir and Freundlich models are commonly 
used to describe the removal of pollutants  from  water and 
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Fig. 5. Effect of contact time on removal of anionic dyes by PVP/Bt composite; (Conditions: adsorbent dose  
            1 g l-1, pH 6.15, initial dyes concentration 0.05 g l-1, temperature 23 °C, and agitation speed 450 rpm). 
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effluents.  
      Langmuir model is based on the assumption that the 
adsorption occurs on homogeneous surfaces. The Langmuir 
form isotherm model can be written as following [31,32]: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      

m
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mLe
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1                                                            (5) 

 
where KL and  qm are  the  constants  of  Langmuir  isotherm 

               Table 2. Kinetic Parameters for Dyes Adsorption on PVP/Bt 
 

 Pseudo-first order Pseudo-second order  

qe exp. 

(mg g-1) 

k1  

(min-1) 

qe calc. 

(mg g-1) 

R2 k2  

(min g mg-1) 

qe calc. 

(mg g-1) 

R2 

Telon-blue 36.50 0.01 4.41 0.80 0.01 36.40 0.99 

Telon-orange 28.78 0.02 1.06 0.72 3.56.10-5 24.61 0.99 

Telon-red 24.62 0.07 0.42 0.37 1.78.10-4 29.05 0.99 
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Fig. 7. Effect of pH on the adsorption of anionic Telon dyes on PVP/Bt composite (Conditions: adsorbent dose 1 g l-1,   

       initial dyes concentration 0.05 g l-1, temperature 23 °C, contact time 240 min, and agitation speed 450 rpm). 
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model indicating the adsorption energy (l g-1) and the 
maximum adsorption capacity (mg g-1), respectively.  
      Freundlich isotherm describes adsorption process where 
the adsorbent has heterogeneous surfaces with different 
energies. Equation (2) presents the linearized form of this 
equation [31,32]: 
 
      

eFe C
n

Kq ln1lnln                                                        (6) 

 
where KF and n are the model constants showing the 
relationship between adsorption capacity and adsorption 
intensity, respectively. n = 1 shows that the adsorption 
process is linear, n < 1 indicates chemical adsorption 
process, and n > 1 shows that the adsorption is a physical 
process [31,32]. The constants of KF and n are determined 
from the intercept and slope of the plot of lnqe against lnCe. 
      Figure 8 presents the equilibrium isotherms for the dye 
adsorptions onto the composite. It is evident that the 
equilibrium adsorption capacity (qe) increased with the 
equilibrium dyes concentration (Ce). The shape and initial 
slope of the Telon dyes adsorption isotherm belong to the  
L-type isotherm of the Giles classifications [33]. L-type 
isotherms are usually associated with ionic solute adsorption 
with weak competition with the solvent molecules.  
      The fitting of the Langmuir and Freundlich models to 
the experimental dyes removal data are shown in Figs. 9a 
and b, respectively. The parameters for the linear Freundlich 
and Langmuir isotherms are shown in Table 3. Better 
linearity was observed using the Freundlich model for all 
isotherms in the whole range of concentration investigated, 
with the correlation coefficients 0.99 for the three dyes. The 
better linearity of Freundlich was apparently due to 
heterogeneities of the composite surface and to the dyes 
adsorbent interactions with the composite. The latter may 
also depend strongly on the chemical structure of the dyes 
molecules. The values of n for the adsorption of blue, 
orange and red Telon dyes were about 1.66, 1.36 and 1.28, 
respectively, indicating that the process was physisorption. 
In conclusion, the appropriate model for the three dyes was 
the Frendlich model. The same result was also found onto 
diphosphonium ion-exchanged montmorillonite [29]. 
      The maximum amounts of adsorption of Telon-blue, 
Telon-orange   and   Telon-red   were   determined    by   the  

 
 
Langmuir model, but they were found inadequate with 
experimental ones which are 59.56 mg g-1, 39.08 mg g-1 and 
35.42 mg g-1, for blue, orange and red, respectively.  
      Makhoukhi et al. determined the maximum adsorption 
capacities of three Telon dyes using bis-imidazolium 
modified bentonite diphosphonium (organo-Bt) [34] and 
diphosphonium ion-exchanged montmorillonite: para, meta 
and orthobis (triphenyl phosphonium methylene)-benzene-
dichloride (p-, m- and o-TPhPMB) [29], a comparison on 
the maximum adsorption capacity obtained with these 
adsorbents and our composite PVP/Bt is shown in Table 4. 
We deduce that the maximum adsorption capacity of Telon-
blue using the composite PVP/Bt presented in this study is 
larger than that in previous works. 
 
Thermodynamic Parameters 
      The effect of temperature on adsorbent dosage and 
stirring speed were studied for the Telon-blue dye which 
had the better adsorption on our composite compared with 
Telon-orange and Telon-red.  
      The temperature is a parameter known to affect the 
transport/kinetic processes of dye adsorption. Therefore, the 
thermodynamic activation parameters of the process, of the 
dye adsorption process onto the composite PVP/Bt, were 
determined using Eqs. (7) and (8) [35,36]: 
 
      

cKRTG ln                                                              (7) 

 
       STHG                                                           (8) 

 
where T is the temperature in Kelvin, R is the ideal gas 
constant (8.314 J mol-1 K-1), H° is the enthalpy, S° the 
entropy, ΔG° is the free energy, and Kc is the equilibrium 
constant equivalent to the fractional amount of the dye 
adsorbed onto the composite; it is calculated from [35,36]: 
 
      

e

e
c C

qK                                                                           (9) 

 
qe and Ce are the capacity of adsorption and the equilibrium 
concentration of dye (mg l-1) in the solution.  
      The values of ΔS° and ΔH° can be calculated from the 
intercept and slope of the lnKc vs. 1/T plot, expressed in      
Eq. (10). 
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Figure 10 shows the adsorption efficiency of the Telon-blue 
dye onto PVP/Bt as a function of the temperature. It is 
noteworthy that the adsorption efficiency decreases with 
increasing temperature indicating a reduction in the 
spontaneous degree of the process and a driving force 
leading to decrease in the adsorption capacity [37,38]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      The parameters of the linear fit lnKc vs. 1/T (Fig. 11) are 
presented in Table 5. The ΔH° value was negative, 
indicating the exothermic nature of the adsorption process 
of the Telon-blue dye. Moreover, the negative values of ΔS° 
indicate that the randomness decreased at the solid-liquid 
interface during the adsorption process. In addition, the 
positive ΔG° values of the adsorption indicated that the 
Telon-blue adsorption process is non spontaneous. 
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Fig. 8. Isotherm plots (qe vs. Ce) for adsorption of dyes on PVP/Bt (Conditions: adsorbent dose 1 g l-1, pH 6.15,  
            temperature 23 °C, contact time 240 min, and agitation speed 450 rpm). 
 

 
     Table 3. The Parameters for Freundlich and Langmuir Adsorption of Dyes on PVP/Bt 
 

 Freundlich coefficients Langmuir coefficients 

 n KF R2 qm  

(mg g-1) 

KL 

 (l mg-1) 

R2 

Telon-blue 1.66 6.03 0.99 53.87 0.10 0.94 

Telon-orange 1.36 2.27 0.99 72.72 0.03 0.98 

Telon-red 1.28 1.54 0.99 70.27 0.03 0.98 
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Effect of Adsorbent Dosage 
      In order to determine the influence of adsorbent dosage 
on the dyes adsorption, experiments were carried out with 
an  initial  concentration  of  0.05 g l-1 for Telon-blue,  while 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the adsorbent dose was varied from 0.2 g l-1 to 4 g l-1. As 
shown in Fig. 12, the adsorption efficiency increases from 
42.74% up to 86.40% with increasing the adsorbent dose.    
      This  can  be  due  to   the   increase  and  availability  of 
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Fig. 9. Adsorption isotherms of Telon dyes on PVP/Bt: a) Langmuir, and (b) Freundlich. 
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adsorption active sites and enough surfaces of adsorbent by 
increasing its dosage [27]. Besides, a rise in utilization of 
adsorbent dosage is accompanied by a decrease of the 
adsorption capacity from 107 mg g-1 to 2.44 mg g-1 which  
is attributed  to  unsaturation  of  a  large  number  of  active   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
sites during the adsorption process [27]. The same results 
were observed in our previous work [30] using the 
copolymer poly (N-octyl-4-vinylpyridinium bromide) for 
the adsorption of Telon-orange. 
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Fig. 10. Influence of temperature on adsorption of Telon-blue dye on PVP/Bt. Cdye = 0.05 g l-1, madsorbent = 1 g,  
                 Vsolution = 1 l,  pHdye = 6.15.  (Conditions:  adsorbent  dose  1 g l-1, pH 6.15, initial dyes  concentration  
                 0.05 g l-1, contact time 240 min and agitation speed 450 rpm). 

 
 
     Table 4. The Maximum Adsorption Capacity Obtained for Telon Dyes by Adsorbents 
 

   

PVP/Bt 

p-TPhPMB-

Mt 

m-TPhPMB-

Mt 

o-TPhPMB-

Mt 

 

Organo-Bt 

 Ci  

(mg l-1) 

qmax 

(mg g-1) 

qmax 

(mg g-1) 

qmax 

(mg g-1) 

qmax 

(mg g-1) 

qmax 

(mg g-1) 

Telon-blue 100 59.56 30 28 21 58 

Telon-orange 100 39.08 58 40 38 76 

Telon-red 100 35.42 29 22 22 68 
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Effect of Stirring Speed 
      The stirring rate plays an important role in the transfer 
of the solute molecules to the adsorbent. It is therefore 
interesting to study this parameter. Figure 13 shows the 
variation of the adsorption capacity and the adsorption 
efficiency of adsorbed Telon-blue on the PVP/Bt composite 
as a function of the stirring speed. 
      Note that, the adsorption efficiency increased slightly as 
the stirring rate increased. It is clear that adsorption 
efficiency of Telon-blue at equilibrium was almost 
independent  of  the  stirring   speed   in   the  range   studied 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
indicating that the dye had equivalent access to adsorbent at 
all the stirring speeds used. The experiment shows that the 
stirring speed has no significant influence on the dye 
adsorption in the studied range between 150 and 750 rpm. 
 
CONCLUSIONS  
 
      The retention of anionic Telon dyes by sodium bentonite 
and composite poly (N-vinylpyrrolidone) modified sodium 
bentonite was studied here. The results obtained show a 
marked improvement in the retention  of  three  Telon  dyes  
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Fig. 11. The Van’t Hoff plot for the adsorption of Telon-blue dye on PVP/Bt. 
 

 
 Table 5. Thermodynamic Parameters of the Telon-blue Adsorption on PVP/Bt at Various Temperatures 
 

  ΔH°  

 (J mol-1) 

ΔS° 

(J mol-1 K-1) 

R2  ΔG°  

  (kJ mol-1) 

296 K 

 ΔG°  

(kJ mol-1) 

308 K 

 ΔG° 

 (kJ mol-1) 

318 K 

 ΔG°  

(kJ mol-1) 

328 K 

Telon-blue -16.04 - 46.14 0.99 47.01 48.94 50.54 52.14 
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Fig. 12. Effect of adsorbent weight on adsorption capacity of Telon-blue (Conditions: pH 6.15, initial dyes  
           concentration 0.05 g l-1, temperature 23 °C, contact time 240 min, and agitation speed 450 rpm). 
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Fig. 13. Effect of the stirring speed on the Telon-blue adsorption capacity (Conditions: adsorbent dose 1 g l-1, 
pH 6.15, initial dyes concentration 0.05 g l-1, temperature 23 °C, and contact time 240 min). 
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using PVP inserted in sodium bentonite at the same 
experimental condition. This research provided evidence on 
intercalation of PVP in the interlayer of sodium bentonite of 
Maghnia. Indeed, the effect of various parameters on the 
adsorption efficiency was studied and the results showed 
that dye adsorption capacity increased by increasing initial 
concentration and contact time reached 73.10% after       
120 min for Telon-blue, 59.57% after 40 min for Telon-
orange and 50% after 60 min for Telon-red, while with 
increasing the temperature and adsorbent dose, adsorption 
capacity decreased. The highest adsorption using the 
composite PVP/Bt was obtained at pH = 6.15; adsorption 
capacity increased slightly as the stirring rate increased. 
Moreover, the pseudo-second-order model was more 
capable to describe the kinetic behavior of three Telon dyes 
adsorption in comparison with the pseudo-first-order model. 
The Freundlich isotherm model was more capable of 
describing the equilibrium behavior of the adsorption 
process than the Langmuir isotherm model. Furthermore, 
the thermodynamic parameters showed that the adsorption 
process was non spontaneous and exothermic. 
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