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 In this study, removal of zinc (Zn2+) and cadmium 
(Cd2+) from aqueous solutions is investigated 
using bentonite/polypyrrole (B-Ppy) composite.  
The effect of pH, initial ion concentration and time 
were determined using batch adsorption technique. 
Maximum adsorption was recorded at a pH of  
5 and equilibrium sorption was achieved within  
60 minutes of the process. Equilibrium isotherm models applied showed the Langmuir and Freundlich isotherms model with the best 
regression coefficient R2   The Langmuir isotherm constant (b) and the Freundlich constant (n) indicated a high affinity of B-Ppy 
composite for zinc (II) and cadmium (II) ions. The surface morphology, the thermal and optical properties of the composite were 
studied with scanning electron microscopy (SEM), differential scanning calorimetry (DSC) and UV–vis spectroscopy, respectively. 
The results show that the addition of the bentonite improves the thermal stability of polypyrrole (Ppy) which is due to the interfacial 
interaction between the Ppy and the bentonite. The experimental results indicated the potential of B-Ppy composite as a low-cost 
adsorbent for zinc and cadmium removal from aqueous solutions. 

   
  

INTRODUCTION* 

 The presence of heavy metals in the aquatic 
environment presents an important problem due to 
their increased discharge, toxic nature, and other 
adverse effects on receiving waters. 
 Main industries containing heavy metals in 
discharged waters are mining, metal coating and 
battery production.1 [Zn2+] and [Cd2+] are among the 
most common heavy metals in these wastewaters. 
The main sources of zinc in the environment are the 
manufacturing of brass and bronze alloys and 
galvanization.2-3 It is also utilized in paints, rubber, 
plastics, cosmetics and pharmaceuticals.3 Zinc is an 
essential element for life and acts as micronutrient 
when present in trace amounts.2 The WHO 
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recommended maximum acceptable concentration of 
zinc in drinking water as 5.0 mg/L.4 Beyond the 
permissible limits, Zn2+ is toxic.5 The main symptoms 
of zinc poisoning are dehydration, electrolyte 
imbalance, stomachache, nausea, dizziness and 
incoordination in muscles.6 Cadmium is one of the 
first metals known and used by man, but today it is 
considered as a toxic element which threats humans 
and wildlife. It has the potential to accumulate 
steadily in the human body when exposed through 
air, water or food sources. As a result of this 
accumulation in the body, it causes serious health 
problems to man, animals and aquatic life. Cadmium 
as a potent enzyme inhibitor causes kidney and liver 
damages. Crustaceans are sensitive to the toxic 
effects of cadmium and most animal species have 
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shown this metal to be tetratogenic.7 Cadmium is a 
toxic element in large excess, being carcinogenic. 
The World Health Organization (WHO) has set a 
maximum guideline concentration of 0.003 mg/L for 
Cd in drinking water.8 These facts lead to the 
development of experimental methods that enable the 
rapid and efficient removal of zinc and cadmium 
obtained in a contaminated environment.  
 In recent years, one of the main objectives in the 
removal of heavy metals from wastewaters consists 
in the reduction of the concentration of these metals 
to very low levels. The techniques such as ion 
exchange, solvent extraction, membrane filtration, 
reverse osmosis, coagulation, precipitation and 
activated carbon adsorption are well known 
technologies for the treatment of waters rich in 
metallic species.9 However, these techniques are 
expensive and sometimes ineffective especially when 
the concentrations of metals in solution are below 
100 mg/L. The high cost in the application of these 
techniques in the treatment of industrial wastewater 
has limited their use in most developed countries. As 
a result, scientist over the world is engaged in the 
search for cheaper and more effective alternatives. 
Recently, many science and engineering researchers 
and research groups have made use of low cost 
adsorbents for the removal of heavy metals from 
effluents. Adsorption unto these materials have been 
found to be effective, and include the use of clay,10-11 
biomass materials,12-13 natural zeolite,14 sepiolite,15 
montmorillonite,16-17 bentonite18-19 and sawdust.20 
Emphasizing on the need for cheaper adsorbents, this 
work reports the use of new adsorbent, bentonite / 
polypyrrole (B-Ppy) composite. 
 Polypyrrole (Ppy)  is an intrinsic conducting 
polymer; one advantage of Ppy concerns the low 
oxidation potential of pyrrole. The typical Ppy, which 
is insoluble and infusible, exhibits poor processability 
and lacks essential mechanical properties. Ppy is 
among the most studied conducting polymers 
because of its high electrical conductivity, 
environmental stability and relatively ease of 
synthesis.21 Ppy can be prepared by electrochemical 

or chemical oxidation of pyrrole monomer in various 
organic solvents and/or in aqueous media. In 
chemical oxidative polymerization, pyrrole 
monomers become oxidized by using anhydrous 
FeCl3 as an oxidant/dopant in various solvents. 
 In recent years composite polymer/clay 
composites present high because of their superior 
properties and potential applications as new 
materials. Therefore, several types of polymer/clay 

materials have been prepared by using clay minerals 
as the layered silicate and many different polymeric 
systems as the matrices. Ppy/clay composites have 
also been prepared by intercalation of the polymeric 
chains between the layers of the clay fillers. Among 
various clay materials, bentonite (B), whose lamellae 
are constructed from an tetrahedral silica sheets, 
exhibit a net negative charge on the lamellae surface, 
and causes it to adsorb cation such as Na+  or Ca2+ . 
Negatively charged layers of bentonite act as 
polyanion and facilitate insertion of the positively 
charged electrically conductive polymer chains.22   
 In water treatment, polymer-clay composites have 
been used for adsorption.23 The clays (bentonite) are 
now receiving much attention in the search for low 
cost, efficient and effective water treatment and 
purification materials since they are readily and 
widely available. Simple modification of  both  Ppy 
and bentonite can yield materials with enhanced 
adsorption properties. It has not been reported yet in 
the literature any use of  B-Ppy composite as an 
adsorbent for the removal of heavy metals (zinc and 
cadmium) in water purification.  
 This work focuses for the first time on the 
removal of zinc (II) and cadmium (II) ions from 
wastewater using B-Ppy composite. Environmental 
parameters affecting the sorption process such as 
pH, contact time and metal ion concentration were 
evaluated. The equilibrium sorption data were 
evaluated by Langmuir and Freundlich isotherm 
models. Since the ionic potential of zinc is higher 
than that cadmium, its retention in the composite is 
greater than the cadmium one.      

EXPERIMENTAL  

Pyrrole monomer (98%, Aldrich) was distilled under a 
reduced pressure and kept below 0°C before use. FeCl3 
oxidant, hydrochloric acid, and other organic solvents (reagent 
grade) were purchased from Aldrich and used without further 
purification. Bentonite clay was purchased from the North-
West of Algeria (Maghnia). The bentonite was activated by 
H2SO4 sulfuric acid in order to increase the surface area, 
porosity and acidity of the surface. The particle size is 60 µm. 

PREPARATION OF ADSORBENT 

 A typical in situ intercalative polymerization 
method for the B-Ppy composite was carried out 
by a synthesis route as follows: 
 The B-Ppy was synthesized via in situ chemical 
oxidative polymerization technique24 as shown in 
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Fig. 1. In order to get better dispersion, a known 
mass of bentonite clay (0.5 g) was dispersed in 
water (37.5 mL) in a three-necked flask. To this, 
0.75 mL of pyrrole monomer was injected and the 
latter was stirred for 2 hours for better insertion of 
the monomer inside the clay sheets. The monomer 
was polymerized using 7.4 g of FeCl3. The 
resulting black mass (B-Ppy composite) was 
filtered, washed with distilled water until the 
filtrates were colorless. Finally, the B-Ppy 
composite was washed with acetone. The B-Ppy 
composite was dried at 95°C.  

DSC measurements were performed using 
DSC823e Mettler Toledo under oxygen 
atmosphere. Samples were heated from 30°C to 
350°C with a heating rate of 10°C min−1.  

The scanning electron microscopy (SEM) 
images were obtained using a LEO-435 Model 
SEM (England). All samples were coated with 
gold prior to analysis. 

The optical properties are measured using an 
ultraviolet–visible (UV–vis) spectrophotometer 
(Varian Cary 500 Scan UV-vis-NIR).  

BATCH SORPTION EXPERIMENT 

The reagents used in this study were of 
analytical grade. De-ionized water was used for 
preparing and dilution of all solutions. Stock 
solutions of cadmium (II) and zinc (II) of 
concentration 1000 mg/L was prepared by 
dissolving appropriate amount of Cd(NO3)2 and 

Zn(NO3)2 in de-ionized  water. From the stock 
solution, lower concentrations of 1, 5, 10, 15 and 
20 mg/L were prepared by accurate dilutions. The 
pH of each solution was adjusted to the required 
experimental value by the use of the pH meter to 
determine the pH and the drop wise addition of 
0.1M NaOH or 0.1M HNO3 until the desired value 
was obtained. The sorption experiment was 
conducted using the batch method to determine the 
effect of pH, initial metal ion concentration and 
adsorption time. The influence of pH was 
performed in the range 2 to 10, initial metal ion 
concentration in the range 1-20 mg/L and a time 
interval of 5 to 180 minutes was used to determine 
the equilibrium time. In each case the parameter to 
be studied was varied while other parameters were 
kept constant. The study was carried out by adding 
0.2 g of the composite to 50 m/L of a given 
solution of metal ion at room temperature. At the 
end of the contact time required, the solution was 
filtered and the filtrate analyzed for residual 
cadmium (II) and zinc (II) ion concentration using 
the AAS. Quantity qt (mg/g) of the cadmium ion 
fixed per gram of the adsorbent was determined as 
follows: 

 qt = [(C0-Ct) × V)] /m  (l) 

where: 
C0 (mg/L) = the initial concentration of metal ions 
Ct (mg/L) = concentrations of metal ions at t time 
V (L) = the volume of metal ion solution 
m (g) = the mass of adsorbent used. 

 
 

 
Fig. 1 – Chemical structure of polypyrrole. 

 

 
Fig. 2 – Schematic representation for the formation of B-Ppy composite. 
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RESULTS AND DISCUSSION 

Characterization of the B-PPY composite 

Differential Scanning Calorimetry (DSC) 
Differential scanning calorimetry has been 

widely applied in the investigation of numerous 
phenomena occurring during the thermal heating of 
organoclays and polymer/clay composites or 
nanotubes, involving glass transition (Tg), melting, 
crystallization and curing. The DSC method is one 
of the most common techniques applied to 
investigate the α-transition in polymers and their 
composites.25 The α-transition is related to the 
Brownian motion of the main chains at the 
transition from the glassy to the rubbery state and 
the relaxation of dipoles associated with it. 

Crystallisation of composites was studied by 
means of DSC measurements. The measurement of 
a polymer’s crystalline content (given as 
percentage crystallinity) by DSC is a 
straightforward and easy-toperform test. This 
simply involves taking a small quantity of the 
polymer (generally 10 mg) and heating it at a 
steady rate (10°C/minute). The DSC curve of CSA 
redoped sample in m-cresol is shown in Fig. 3. 
DSC evaluation can be used to estimate the extent 
of crystallinity in the sample by two methods.26  

Method 1: Let the heat of crystallization be HC, 
and the total heat given off during melting be HT, 
 H= (HT- HC) joules,  (2) 
Where H is the heat given off by that part of 
polymer, which is already in crystalline state. By 
dividing H by Hc1 (specific heat of melting), 
where Hc1 is the amount of heat given off when 
1gram of polymer is melted, the total amount of 
polymer that is crystalline below TC, the 
crystallization temperature, is obtained. 
  H/Hc1 = joules / joules per gram = Mc grams (3) 

The percentage of crystallinity in the polymer 
sample is 
(Mc / Mt) × 100 = % crystallinity in the sample (4) 

Where, Mt is the total mass of sample taken. 
The percentage crystallinity of the sample 

estimated from DSC data as per equation (4) is about 
54%. 
Method 2: The percentage crystallinity can also be 
estimated from the heat of melting. The 
experimental heat of melting (Hm) is evaluated by 
integrating the area under the melting peak and 
then comparing to a reference value (Hm°), which 
represents the heat of melting of the theoretically

  

 100% crystalline sample % crystallinity = (Hm/ Hm°) × 100 (%)  (5) 
 

The percentage crystallinity of the sample 
calculated, following method 2 is about 56%. 

Fig. 3 represents the results obtained by DSC 
studies performed on the samples Ppy, B-Ppy 
composite and bentonite under oxygen atmosphere 
between room temperature and 350°C. 

As can be seen in Fig. 3, an exothermic peak, 
which commences at 120°C and ends at 200°C, 
arise for Ppy. This shows that decomposition has 
occurred before the sample melt. A similar 
decomposition peak also is observed for the 
composite B-Ppy. It commences at the same 
temperature as Ppy however, ends at lower 
temperatures around 180°C. This is the effect of 
bentonite clay layers in diminishing the 
decomposition rate of the polymer matrix. 

The bentonite has a crystalline endotherm peak 
at value of 186°C corresponding to SiO2 of 
bentonite (montmorillonite).27 A similar peak is 
observed for the composite, this endotherm peak 
shifts gradually toward the higher temperature 
around 190°C, which can be attributed to the 
existence of a new crystal phase, induced by the 
presence of the clay. Increase in endothermic peak 
is a known behavior in polymer/clay composite 

and has been reported for several types of 
polymer/clay composites. The reason can be 
attributed to the intercalation of Ppy material 
between the clay layers. These results are in good 
agreement with the results obtained from the study 
of similar polymer-clay systems.28  

Scanning electron microscopy (SEM) 
SEM is a very useful tool for characterizing the 

surface morphological properties of polymer/clay 
composites. SEM images of bentonite, pure Ppy, and 
B-Ppy composite at ×5000 magnification are 
presented in Fig. 4. Fig. 4(a) shows sheet-like plates 
of the clay. Bright and submicrometer-sized globular 
particles of Ppy are shown in Fig. 4(b). After 
polymerization, the composite shows significant 
changes in morphology (Fig. 4(c)). It can be seen that 
Ppy polymerization occurred within the bentonite 
layers. In the composite morphology like cauliflower, 
the clay layers dispersed homogeneously in the 
polymer matrix and the interlayer spacing of 
bentonite is expanded, which is evident in the 
intercalated morphology. This morphological pattern 
was also observed by other researchers.29-30 
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Fig. 3 – DSC thermograms of bentonite (a), B-Ppy composite (b) and Ppy (c). 

 
 

 
Fig. 4 – SEM micrographs (magnification×5000) of (a) Bentonite, (b) Ppy, and (c) B-Ppy. 

 
 

UV-Vis spectroscopy 

UV–vis spectroscopy is used to observe the 
optical properties of the bentonite, Ppy and B-Ppy 
composite in N,N-dimethylformamide (DMF) 
solutions.  

UV-Vis spectra of bentonite showed (Fig. 5) a 
peak 250 nm (strong) corresponding to tetrahedrally 
coordinated ions Fe3+.31 

For PPy, an electronic band is found at about 
280 nm. These bands originate from the π–π* 
transition of its conjugated segments.32 On addition 
to bentonite clay, this band shifts gradually toward 
the lower wavelength (260 nm) because of the 

intercalation of Ppy material between the bentonite 
clay layers during composite synthesis. 

Removal of zinc and cadmium  
by using B-PPY composite 

Effect of initial concentration 

Effect of initial concentration of Zn(II) and 
Cd(II) on adsorption capacity of composite was 
investigated by varying initial concentration of 
metal from 1 to 20 mg/L. The results are presented 
in Fig. 6. 
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Fig. 5 – UV–vis absorption spectra of PPy (a), B-Ppy composite (b) and bentonite (c). 

 
 
 

 
Fig. 6 – The influence of the initial concentration on the adsorption of zinc and cadmium (Conditions: pH= 5, quantity of B-Ppy 

composite 4 g/L, time 60 min, temp. 23°C, stirring speed 600 min-1). 
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Fig. 7 – The effect of pH on the adsorption of zinc and cadmium  

(Conditions: pH = 5, quantity of B-Ppy composite 4 g/L, time 60 min, temp. 23°C, stirring speed 600 min-1). 
 

The effect of initial cadmium ion concentration 
was performed at initial concentration of 1-20 
mg/l, since most techniques of heavy metal 
removal are usually ineffective at these 
concentrations. As shown in Fig. 6, the amount of 
zinc and cadmium adsorbed increased with 
increase in initial metal concentration. This is 
expected because at higher initial concentration 
more efficient utilization of active sites is 
envisaged due to a greater driving force by a 
higher concentration gradient. The increase in 
concentration leads to increase in collision between 
the metal ions and the active sites, which is a major 
factor in kinetics for increase in the rate of 
chemical reactions. Also this increase is due to 
higher availability of zinc and cadmium ions for 
sorption. These sorption characteristics indicate 
that surface saturation is dependent on the initial 
metal ion concentration, as this determines the 
amount of metal ions adsorbed by the composite in 
the presence of available active sites. Other 
researchers obtained similar results .33    

Effect of pH 

The characterization of the effect of initial pH 
of solution on adsorption is necessary for an 
accurate evaluation of equilibrium parameters; this 
has been reported to be one of the most important 
parameters in the sorption of metal ions.34 The net 
charge on the adsorbent is determined by the pH 

which in turn determines whether the metal ions 
can bind to the surface or not.        

In order to investigate the effect of pH on zinc 
and cadmium adsorption with B-Ppy composite, 
metal solutions of 50 mL in volume and 10 mg/L 
in concentration were used at pH ranging from 2 to 
10. In the experiments, composite content was kept 
constant (0.2 g) and agitation time was determined 
to be 2 hours at 600 rpm. The results are shown in 
Fig. 7. 

The result for the effect of pH on adsorption of 
zinc (II) and cadmium (II) by B-Ppy composite is 
shown in Fig. 7. Maximum adsorption was 
obtained at pH 5.0, at pH values greater than  
7.0 metals can be precipitated due to the formation 
of several hydroxyl low soluble species such as 
Cd(OH)2, Zn(OH)2, Zn(OH)3−, Cd(OH)3

- and 

Zn(OH)4
2−. At lower pH values, the solution is 

highly acidic which results in a net positive charge 
on the active sites of the clay. The metal ions thus 
compete with protons on the active sites leading to 
a reduction in the uptake of zinc and cadmium ions 
by the composite. Also, the protonation of the 
active sites on the composite reduces the number 
of negatively charged sites available for metal ions 
to bind; hence a decrease in adsorption. As the pH 
of the solution increased, the active sites becomes 
de-protonated and free for metal ions to bind, this 
reduces the competition between metal ions and 
protons leading to an increase in adsorption with 
increase in pH, similar result has been reported.34  
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Effect of contact time 

The effect of time on the sorption process was 
investigated to determine the rate at which sorption 
takes place and the equilibrium time. The kinetics 
of metal sorption governs the rate, which 
determines the residence time, and it is one of the 
important characteristics defining the efficiency of 
an adsorbent.35 The result on the effect of time on 
the removal of zinc (II) and cadmium (II) ions by 
B-Ppy composite is presented in Fig. 8. As 
observed a rapid increase in adsorption with 
increase in time was obtained within the first thirty 
minutes after which the adsorption is greater in the 
first 10 minutes, after 60 minutes the rate of 
adsorption is no longer significant, equilibrium is 
reached after 10 minutes. Sorption experiments 
were conducted at a contact time of 2 hours to 
ensure equilibrium attainment. The fast uptake 
capacity obtained at the initial stage may be 
explained by an increased availability in the 
number of active binding sites on the adsorbent 
surface. The slow and insignificant adsorption 
observed as time progresses is due to the fact that 
every adsorbent has a limited number of active 
sites which becomes occupied with time.36 

Adsorption isotherms 

To examine the relationship between adsorbent 
and adsorbate at equilibrium, and to search for the 
maximum sorption efficiency of adsorbent, 

sorption isotherm models such as Langmuir and 
Freundlich isotherms have been applied for Zn(II) 
and Cd(II) ions and represented in Figs. 9 and 10 
respectively. 

The values of the Langmuir parameters qm, b 
and Freundlich parameters Kf, n and the calculated 
regression correlation coefficients were reported 
in Table 1. 

Linear regression was used to determine the 
best fitted isotherm. The Freundlich adsorption 
isotherm can be expressed as  

 ln qe = ln Kf + 1/n (ln Ce) (6)  

Where qe is the amount of metal ion adsorbed at 
equilibrium time, Ce is equilibrium concentration 
of zinc metal ion and cadmium in solution. Kf and 
n are isotherm constants which indicates the 
capacity and the intensity of the adsorption 
respectively and can be calculated from the slope 
of the line and its the intersection with the axis ln 
qe. The results are mentioned in Table 1.  

Also Langmuir isotherm equation was also 
fitted for both the system with this same metal ion 
concentration  range. The linearized form of 
Langmuir can be written:  

 1/qe = (1/bqm)(1/Ce)+ (1/qm) (7) 

The Langmuir constants, qm (maximum 
adsorption capacity) and b can be obtained from 
plots between 1/qe versus 1/ Ce which are shown in 
Table 1. 

 

        
Fig. 8 – The effect of contact time on the adsorption of zinc and cadmium  

(Conditions: pH = 5, quantity of B-Ppy composite 4 g/L, time 60 min, temp. 23°C, stirring speed 600 min-1). 
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Fig. 9 – Langmuir Isotherm for zinc and cadmium. 

 

 
Fig. 10 – Freundlich isotherm for zinc and cadmium. 

  
Table 1 

 Langmuir and Freundlich isotherms constants 

Langmuir isotherm Freundlich isotherm Adsorbent  B/PPY 
qm b R% Kf n R% 

Zn2+ 6.66 4.34 98.70 4.89 2.17 97.30 
Cd2+ 3.22 1.66 99.25 2.56 2.85 98.00 
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The maximum adsorption capacity of Zn (II), 
qm and constant related to the binding energy of the 
sorption systems, b is calculated which are  
6.66 mg/g  for Zn and 3.22 mg/g for Cd. 

CONCLUSIONS 

 In this study, removal of Zn2+ and Cd2+is 
investigated using B-Ppy composite. pH is a 
significant factor in adsorption processes since it 
causes electrostatic changes in the solutions. 
Hydrogen ions themselves are strongly competing 
with adsorbates. At the end of experiments carried 
out at 23°C and 600 min-1, optimum pH values for 
Zn2+ and Cd2+ removals are determined as 5. The 
amount of metal ions Zn (II) and adsorption on 
both clay minerals was found to increase with 
increase in initial metal ion concentration and 
contact time. Maximum removal efficiencies were 
succeeded within 60 min for both metals. 
 Optimum conditions were found at pH 5 for 
Zn(II) and Cd(II), a concentration of 10 mg/L and 
temperature 23°C. 
 The experimental results were well fitted with the 
Langmuir and Freundlich isotherms. The Langmuir 
isotherms correspond better with the experimental 
findings rather than Freundlich isotherms. The values 
of the adsorption coefficients indicate the favorable 
nature of adsorption of Zn(II) and Cd (II) on the B-
Ppy composite. 
  Differential thermal analysis has revealed that 
the addition of bentonite gives a greater thermal 
stability to the B-Ppy composite then that to the 
pure polypyrrole Ppy.     
  The results obtained in this study have shown 
that B-Ppy composite can be used as an excellent 
adsorbent to remove both Zn (II) and Cd (II) from 
wastewaters with high efficiency and low cost.  
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