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Sorption characteristics of the adsorbent composite synthesized on the basis of polyvinyl chloride and 
butadiene-nitrile rubber wastes with respect to cobalt, nickel and zinc ions from aqueous solutions were studied 
under static conditions. Dependences of the sorption capacity on the solution pH, composite mass, ionic strength 
of the solution and initial concentration of metal ions were obtained. Sorption isotherms were processed by the 
Langmuir and Freundlich models. It was found that the sorption of metal ions on the composite is best described 

by the Freundlich model. 
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INTRODUCTION 

 
Heavy metals are widely used in different industries. For example, cobalt is widely 

used in metallurgy, metal processing, chemical industry; nickel - in non-ferrous metallurgy 
enterprises, in production of synthetic rubber, and zinc - in mining and processing plants, 
electroplating plants, in production of parchment paper, mineral paints, viscose fibres, etc. 
As a result, they enter waste water in the form of ions with toxic properties. They are 
discharged into wastewater in the form of ions with toxic properties and, as a consequence, 
water basins are polluted with ions of these metals exceeding the Maximum Permissible 
Concentrations (MPC). The of these metals in water is limited: MACa is 0.1 mg/dm3, MACaw 
is 0.01 mg/dm3, since their increased presence in the environment leads to various types of 
diseases. Cobalt causes allergies, dermatitis, enlargement of the thyroid gland, damage to 
the heart muscle with the development of "cobalt cardiomyopathy". Nickel has a specific 
effect on the cardiovascular system and also leads to endemic diseases, bronchial cancer. 
Zinc reduces immunity, impairs the function of the pancreas, liver, causes lesions of the skin, 
hair and nails, and in toxic doses - cancer [1-5]. 

In order to ensure environmental safety, i.e., to reduce and prevent pollution of water 
basins, wastewater should be purified. This problem can be solved by carrying out 
purification measures using various adsorbents. Composite adsorbents have proven to be 
very effective for purifying various types of water. In particular, in number of researches [6] 
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have shown that adsorbents with functional groups are promising for extracting heavy metal 
ions from various types of water  

This work studies the process of adsorption of cobalt, nickel and zinc ions from 
aqueous solutions by a composite adsorbent based on polyvinyl chloride (PVC) and 
butadiene-nitrile rubber (BNR) wastes. 

 
EXPERIMENTAL 

 
The work involved PVC – waste from window frames and expired BNR (SKN-26). 

Before using, PVC is crushed to small sizes. 
The composite was prepared as follows: 5 g of PVC was placed in a flask and 125 

ml of dichloroethane was added, then mixed with heating at 50 °C for 4 hours. Then left 
until a homogeneous solution was formed. Then a BNR solution (5 g rubber), previously 
dissolved in chloroform, was added to it. The polymer mixture solution was poured into 
Petri dishes. It is removed after 4 days. The compositions are kept under a hot press for 
10 minutes. At the next stage, it is transferred to a 20 % potassium hydroxide solution 
and gaseous oxygen is passed through the suspension for 4 hours. Finally, the composite 
was crushed, treated with alcohol, acetone, dried in air and a vacuum drying oven until 
constant mass. 

Standard solutions of cobalt, zinc and nickel were prepared by dissolving of metal 
salts (Co(NO3)2∙6H2O, Zn(SO4)2∙7H2O, Ni(NO3)2∙6H2O) in the appropriate amount of 
distilled water. Working solutions were prepared by diluting aliquots of the initial solutions 
with distilled water. 

The required acidity of the solution (pH=39) was created using acetate-ammonia 
buffers. To obtain pH 1 and 2, the 0.1 N HCl solution was used. The components of the 
buffer solutions (HCl, CH3COOH, NH3) were classified as "analytical grade" or "chemically 
pure". pH values were monitored using the «Mettler Toledo» pH meter. 

The adsorption of metal ions was studied in a static mode using the limited volume 
method according to the following procedure: a certain volume of a solution (0.015 dm3) 
with the appropriate acidity and containing the metal ion was added to the composite 
(0.010-0.10 g) placed in a flask. The phases were kept in contact for a certain time (~24 
h), and then solid and liquid parts separated by filtration, and the content of the metal ion 
in the solution was determined. The experimental results on the study of sorption were 
expressed as the value of the sorption capacity of a given ion (SC, mmol/g) and the 
degree of sorption (R, %) according to formulas (1) and (2): 

,                   (1)  

                                                (2). 

where SC is the amount of sorbed ion per gram of adsorbent, mmol/g; Co, Ceq are the 
initial and equilibrium concentrations of ions in the solution, respectively, mmol/dm3; V is 
the volume of the solution; g is the mass of the composite. 

The determination of metal ions was carried out by a spectrophotometric method using 
analytical reagents [7].  

 
 
RESULTS AND DISCUSSION 

 
The studied composite is a small light-brown film, insoluble in water, acids, alkalis 

and organic solvents. 
The presence of carboxyl groups and chlorine-containing fragments is assumed as 

functional groups in the composite structure. 
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An important role when working with adsorbents containing acid groups of this type 
is played by the acidity of the medium, which determines the state and reactivity of the 
functional groups of the adsorbent. The forms of metal ions in the solution also depends 
on the acidity of the medium, changing which it is possible to control the adsorption 
process [8]. 

Therefore, for determination the adsorption properties of the composite, firstly 
influence of pH medium to the degree of sorption was investigated. It was revealed that 
the maximum sorption of metal ions is observed at a pH value of 6. Based on this, all 
further studies were carried out at this pH value. 

As is known [8], the ionic strength of the solution has a great influence on the 
sorption processes, which changes the conformation of the polymer macromolecules and 
the ionic environment of the functional groups of the adsorbent. As a result of the studies, 
it was established that (Figure 1) an increase in the concentration of NaCl in the solution 
significantly reduced the sorption capacity. The negative effect of sodium chloride on 
sorption can be explained by the transformation of some acid groups to the Na - form and 
a decrease in the total concentration of hydrogen ions in the composite phase. On the 
other hand, as a result of hydration of the added salt, the activity of water decreases, 
leading to a decrease in the degree of swelling of the composite and deterioration of its 
sorption properties. 

 

       
 

 
Figure 1. Dependence of the degree of sorption of metal ions on the ionic strength of the 
aqueous phase: a-Ni2+, b-Co2+, c-Zn2+; Process conditions: C0= 1 mmol/dm3; V=0,015 dm3, 
g=0,05 g, рН=6. 

 
The mass of the composite is an important parameter, changing which it is possible to 

obtain valuable characteristics of the sorption process under study. Below is a series 
displaying the dependence of the degree of extraction on the adsorbent weight under other 
equal conditions (pH=6; initial concentration of metal ions 1 mmol/dm3; solution volume 
0.015  

 
Table 1. Dependence of sorption of metal ions on the mass of the composite 

 

Co2+ g, 
mass 

0.01 0.02 0.03 0.04 0.05 0.07 0.10 
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R, % 59.3 68.3 79.6 83.8 88 89 89.5 

Ni2+ g, 
mass 

0.01 0.02 0.03 0.04 0.05 0.07 0.10 

R, % 20.6 31.2 59.8 68.5 77.6 78.5 78.8 

Zn2+ g, 
mass 

0.01 0.02 0.03 0.04 0.05 0.07 0.10 

R, % 29.6 43,9 63,5 71,3 79.6 81.8 82 

 
It is evident that the mass of the composite for complete extraction of metal ions is 0.05 

g. When studying other parameters, the mass of the composite corresponded to this value. 
The sorption isotherm is the main characteristic of the sorption capacity of any 

adsorbent and reflects the functional relationship of the equilibrium concentration (Ceq) with 
the equilibrium amount of the sorbed substance. Analysis of sorption isotherms allows us to 
draw certain conclusions about the nature of the sorbent surface, the nature of the ions-
adsorbent interaction, etc. [9]. 

To construct sorption isotherms, the effect of the initial concentration of metal ions in 
the solution on the sorption capacity of the composite was first studied. It was found that with 
an increase in the initial concentration of ions, the sorption capacity of the composite 
increases. Based on these studies, a sorption isotherm was constructed (Figure 2). 

 

 
Figure 2. Sorption isotherm of metal ions: black line – cobalt, red line – nickel, blue line – 

zinc. 
 
Three parts can be distinguished on the isotherms. The initial, steeply rising, almost 

linear part of the curve shows that at low concentrations, sorption is practically proportional 
to this value (Henry part). In this case, a monolayer of ions is formed on the surface of the 
composite. The almost horizontal part, corresponding to high concentrations, corresponds to 
the surface of the composite completely saturated with metal ions. Under these conditions, if 
only a monomolecular layer of ions can form on the surface of the composite, the amount of 
sorbed substance practically ceases to depend on the concentration. The middle part of the 
curve corresponds to intermediate degrees of surface filling. 

For the mathematical description of the static equilibrium established during the 
sorption process, the Langmuir [10] and Freundlich [11] models were used. The equations of 
the models in linear forms are given in equations (3) and (4), respectively: 

 

                                            (3) 

                                                                        (4) 

 
Here are the experimental values of the SC adsorbent sorption for metal ions (mmol/g); 

Ceq is the equilibrium concentration of metal ions in the solution (mmol/l). In equations (3), KL 
and SCmax are the parameters of the Langmuir model; KF, 1/n are the parameters of the 
Freundlich model; 

In Figure 3, the sorption isotherm is presented in linear form. 
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Figure 3. Sorption isotherm of metal ions in linear form according to Langmuir and 

Freundlich 
 

The obtained constants and correlation coefficients are summarized in Table 2. 
 

Table 2. Sorption isotherm constants of metal ions 
 

Parameters of the Langmuir 
model 

Parameters of the Freundlich model 

CEmax, 
mmol/g 

КL, /mmol R2 КF, (mmol/g)·(l/mmol)1/n 1/n R2 

Co2+ 
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1.866 0.175 0.984
7 

0.290 0.686 0.9864 

Ni2+ 

1.924 0.150 0.977
3 

0.258 0.736 0.9821 

Zn2+ 
2.931 0,098 0.9642 0.258 0,826 0.9911 

 
As can be seen from Table 2, the Freundlich equation describes the sorption isotherm 

better. This indicates that the sorption of metal ions occurs on active centers of various 
natures. Such active centers can be functional groups of various natures, located both in the 
pores and on the surface. In the general case, a monomolecular layer of metal ions is 
formed on the surface of the composite during the sorption process. 

 
CONCLUSION 

 
The adsorption properties of a composite obtained by thermal processing of a film 

made from PVC waste and expired BNR and its treatment in a sodium hydroxide solution 
were studied. As sorbates ions were taken. The influence of various factors to the sorption 
process have been investigated. Sorption isotherms were plotted and the experimental 
results were verified for compliance with the corresponding models. It was established that 
the chemical affinity of metal ions to the adsorbent changes in the following order: Co2+ > 
Ni2+ = Zn2+ 
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