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SUMMARY  

The intent we proposed was to study the possibility of using Biozheolyth to 

eliminate the copper from the water resulting from the drawing of this metal. For this, a 

series of experiments have been made on synthetic water with a content of 10-2 M Cu2+ in 

order to assess the effect of certain variables on the adsorption process. We determined the 

influence of the quantity of Biozheolyth, as well as that of the contact times between the 
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solution and the adsorbent on the elimination of the copper (II) cation from wastewater. We 

noticed that the higher the quantities of adsorbent and contact time, the higher the degree 

of cation elimination from the solution, whereas the Biozheolyth adsorption capacity is 

better with small adsorbent doses. The maximum removal degree of copper (II) on 

Biozheolyth was reached for the solution of 10-2 M Cu2+ using 2.00 g of Biozheolyth in 50 

mL of solution at a contact time of 120 minutes.  
Keywords: copper removal; wastewater; zeolite; adsorption; Langmuir isotherm. 

 

INTRODUCTION  

The mining industry is a major environmental pollutant, strongly contaminating the 

surrounding soil and the surface water flow with waste water which contains up to a few 

hundred mg/dm3 of metallic ions, such as Cr3+, Ni2+, Zn2+, Cu2+, Pb2+ and Cd2+ [1,2]. 

Although in the past few years mining practices have been significantly improved, the risks 

of environmental pollution with waste water resulted from the mining industry remain high. 

Almost 25% of the European copper production comes from the Balkans area, 

which shows the important role of the region as a supplier of copper as raw material. An 

evaluation of the copper production in the Balkans shows that the most important producers 

in the region are Bulgaria, Turkey, Serbia & Montenegro, Romania and Macedonia [3]. 

The most important environmental issue in the copper production is the sulphur 

dioxide emissions in the air. Furthermore, the water coming from the active or closed 

copper mines is extremely dangerous too, affecting the environment for a very long time. It 

contains Cu2+ ions, sometimes in a considerable concentration (approx. 1 g/dm3), and an 

equivalent or even double concentration of Fe2+/Fe3+ ions, as a consequence of the bacterial 

and chemical degradation of the sulphide minerals from the ore or gangue deposited in 

dumps in the surrounding area. The ions of other heavy metals such as Mn2+, Bi3+, Cd2+, 

Zn2+, Hg2+, Pb2+, Be2+, Ni2+ etc can be also present in the mining wastewater, but their 

concentration is much lower than the copper or iron concentration, not exceeding a few 

mg/dm3. On the other hand, the mine water is acidic, with the pH value usually between 3 

and 4 due to the high concentration of sulphuric acid, another bacterial oxidation product of 
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the sulphide minerals from the ore [2, 4]. 

In very small quantities, copper is an essential nutrient necessary to human 

organism. But over certain limits, it may have a series of negative effects. Short periods of 

exposure cause gastro-intestinal troubles, nausea and vomit. In years, the use of water with a 

copper content that exceeds the admitted limit can cause serious liver and/or kidney 

problems, the Wilson disease, insomnia.  

Numerous procedures of eliminating copper from wastewater have been proposed: 

precipitation [5, 6, 7], ion exchange [6, 8], adsorption [6, 7, 9, 10, 11], membrane filtration 

(ultrafiltration, reverse osmosis, electrodialysis etc) [6, 7], coagulation-electrocoagulation 

and flocculation [7, 12, 13] etc. 

Precipitation is the most frequently used form of treatment. The copper ions can be 

eliminated from wastewater by precipitation, in the form of hydroxide or sparingly soluble 

salt (carbonate, phosphate, sulphide) or by reduction to metallic copper with divalent iron 

sulphate, sulphide, sulphite or carbon. 

The divalent copper hydroxide, sparingly soluble, is formed when adjusting the 

water pH to approximately 9. Approximately 0.1mg/dm3 of copper remains dissolved in 

water unless other precipitating agents or chelate compounds are added.  

The method can be rather complicated and costly, given that it requires a great 

quantity of chemicals, precipitation is a slow process and produces a lot of slurry, whose 

elimination requires additional treatment.  

It is often necessary to remove the excess of reaction agents and to purify the water 

of by-products. For example, when precipitation is made with an anion, its excess must be 

removed by precipitation with another cation (calcium in case of carbonate and phosphate, 

and divalent iron in case of sulphide). Also, when a reducing agent is used, metallic copper 

can remain as a fine metallic suspension in solution, which requires either the addition of 

materials that can provide a big surface with sites on which copper can be trapped, or metal 

oxidation to divalent state and its precipitation.  

On the other hand, the ion exchange has the disadvantage that it cannot handle 

large quantities or concentrated solutions. Furthermore, it is unselective and very sensitive 

to the variation of the solution pH [6]. 

Lately, adsorption has become one of the most appreciated techniques of 
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alternative treatment for wastewater contaminated with heavy metals. Practically, adsorption 

is a mass transfer process by which a substance is transferred from the liquid phase to a 

solid surface where it is trapped through physical and/or chemical interactions [6]. 

We have studied and used a number of substances to eliminate the heavy metals 

from wastewater: various low cost adsorbents, natural materials or materials coming from 

industrial and agricultural waste. 

The zeolites with the general formula Na2O·Al2O3·xSiO2·yH2O are natural 

minerals (hydrated aluminosilicates of alkaline and alkaline-earth metals) found in nature as 

volcanic tuff deposits. These were formed during the geological eras, following the contact 

of the lava resulted from volcanic eruptions with the sea water or of the volcanic rocks with 

alkaline groundwater, or when the volcanic ash was deposited in saline lakes.  

The zeolites have multiple usages in various fields, due to their specific properties 

given by their micro porous crystalline structure that makes them act as real molecular 

sieves, as well as their ion exchange capacity. 

In stock rising, zeolites are used as nutritional supplements and to remove 

unpleasant smells, in horticulture they are used for plants in greenhouses and nurseries and 

in the cultivation of flowers, vegetables and medicinal plants. In agriculture zeolites are also 

used for drying up and repeated cultivation of soils, in forestry and landscaping. 

In industry, zeolites are used as oil absorbents and for gas separation, for example 

to eliminate H2O, CO2 and SO2 from natural gas, separation of noble gases, of N2 and O2 

from the air, freon and formaldehyde separation. Synthetic zeolites are widely used as 

catalysts in the petrochemical industry, in the process of catalytic cracking and 

hydrocracking, and as additives in the production of asphalt concrete. In nuclear 

engineering, zeolites are used for the remediation/decontamination of nuclear waste, as well 

as for the management of radioactive leakage.  

Other important applications of zeolites are in the production of detergents, 

cosmetics, in medicine, to obtain high-purity oxygen etc.

Some of the most important applications of zeolites are: water softening and 

purification, waste water treatment to remove/recuperate heavy metals, elimination of 

ammonium/ammonia from urban water and mud.  
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Unlike clay minerals, which are also natural aluminosilicates, but with a layered 

crystalline structure that causes their swelling in the presence of water, zeolites have a rigid, 

three-dimensional crystalline structure consisting of a network of interconnected 

submicroscopic channels and gaps (Figure 1 and Figure 2). 

Besides the negative charge of this rigid skeleton, which allows the entrapment of 

particles with positive electric charge, such as heavy metal cations, another peculiarity of 

the zeolite structure is that the pore and channel dimensions are almost equal, allowing the 

crystal to act as a molecular sieve. This sieve retains in the submicroscopic channel network 

of the crystal structure only particles with adequate molecular size matching the pore size.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Molecular structure model of zeolite 

http://en.wikipedia.org/wiki/Zeolite -               

public domain 

 

Figure 2. Electron microscopy photo of zeolite 

structure http://en.wikipedia.org/wiki/Zeolite - 

public domain 

In addition to the reticulate structure, which gives zeolites the property to absorb 

and release water reversely, another important property is their cation exchange capacity.  

Natural zeolites are excellent ion exchangers for the elimination and recovery of 

heavy metal cations (Pb2+, Cu2+, Cd2+, Zn2+, Co2+, Cr3+, Mn2+ and Fe3+).

There are almost 50 different types of zeolites (clinoptilolite, chabazite, phillipsite, 

mordenite etc) with various physical and chemical properties. Their crystalline structure, 

chemical composition, selectivity to cations, pore size, link strength, are some of the 

properties that differentiate the various types of zeolites.

The aim of this paper is to study the Biozheolyth capacity to eliminate copper from 

waste water, as well as the influence of the Biozheolyth quantity and contact times between 
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the solution and the adsorbent on the elimination of this metal from wastewater. 

MATERIALS AND METHODS  

Adsorbent material 

As adsorbent we used BioZheolyth from Dacia Plant, with a content of 83.3% 

mineralized zeolite tuff, the rest being cellulose. The mineralized volcanic zeolite tuff is 

obtained from volcanic rocks rich in natural zeolites, where clinoptilolite is predominant. 

The zeolite used in this product was micronized to improve its physical and chemical 

properties.  

Reagents 

All the reaction agents used in this study were of analytical quality. The Cu (II) 

solution, of 10-2 M concentration, was obtained by dissolving the adequate quantity of 

copper sulphate, CuSO4·5H2O, weighed by analytic balance with an accuracy of ± 0.0001 

mg in bidistilled water, in a volumetric flask. 

The operations were carried out at room temperature (25 ± 1 ºC), without adjusting 

the pH of the working solutions. These had the hydrolysis pH of the cooper (II) sulphate, 

approx. 5.1 – 5.2.  

The concentration of the residual Cu (II) in the samples was potentiometrically 

determined using a copper-sensitive electrode ELIT 8227 – NICO 2000 and a double 

junction reference electrode ELIT 003N – NICO 2000.  

The measurement process was performed with the help of a customizable Virtual 

Instrumentation [14, 15]. This solution was preferred mainly because of the possibility to 

adapt the application to the different calculus requirements involved with the experimental 

part. Automation of sensor calibration and the flexibility with which one can exploit the 

calculus power of the PC are two important advantages which the authors considered. 

The hardware component consisted of the NI USB 9215A data acquisition device, 

produced by National Instruments. This device is capable of performing ADC on 16 bits, it 

provides 4 analog input channels and accepts a maximum of ± 10 Vpp for the input signal. 

Signal conditioning was implemented using the MCP 601 Single Supply Amplifier. This 

was necessary since noise reduction/removal is an important issue in data acquisition 
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systems. Visual inspection of acquired data (with and without amplification) showed that 

fluctuations due to noise presence can be limited if the useful signal is amplified by a factor 

of 10.  

               The hardware device was controlled by a dedicated software application 

programmed in National Instruments' LabVIEW development environment. For running the 

software components, the authors used a notebook computer with Dual Core - 1.8 GHz 

CPU, 2 GB DDR3 and Internet Connection. Interaction between the software component 

and the NI USB 9215A is performed by the NI-DAQmx driver. The measurement procedure 

was divided into three main parts: acquisition, analysis, and presentation of data. The 

features include data logging, statistical calculations and graphical presentation of recorded 

data. Each measurement lasts 130 s and the established sampling period is 1 s. So automated 

calculations are performed over records of 130 samples and the following parameters are 

presented: sensor output voltage, sensor output average voltage (over the last 10 samples), 

calculated concentration, adsorption capacity and process return.  

The effect of the adsorbent dose on the elimination of Cu (II) from the solution was 

determined by putting the 10-2 M concentration Cu (II) solution in contact with various 

quantities of BioZheolyth.  

For each experiment, 50 ml of Cu (II) solution were introduced in a 100 ml 

Berzelius beaker, to which 0.25; 0.50; 0.5; 1.00; 1.50 and 2.00 g respectively of 

BioZheolyth were added. The mixture was stirred at constant speed (200 rpm) for 5, 15, 30, 

45, 60, 90, 120, 150, 180, 210 and 240 minutes.  

At the end of the contact time, the samples were filtered with a vacuum pump, the 

filtrate being used for the potentiometric determination of the residual Cu (II) concentration.  

The analysis of the adsorption data is important because they indicate the nature of 

the partition between the adsorbent and the liquid phase in balance, depending on the ion 

concentration in the solution, and allow the determination of the maximum adsorption 

capacity. These values can be used for technological design [16, 17, 18, 19, 20]. 

In order to determine the efficiency of Cu (II) elimination from the solution, η (%), 

and its distribution rate between the solution and the adsorbent, Kd (mL/g), the following 

relations were used: 

η=[(Ci–Ce)/Ci]·100                                                                                                (1) 
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Kd = (m Cu(II) ads/m Cu(II)sol)·(V/M)                                                                             (2) 

where:  Ci , Ce = the initial and balance concentrations of Cu (II) in the solution, mg/L 

             m Cu(II) ads = Cu (II) quantity in adsorbent, g

             m Cu(II) ads = Cu (II) quantity in solution, g

             V = volume of the test solution, L 

            M = mass of added adsorbent, g 

The adsorption capacity qe, representing the quantity of cations retained in  balance 

per unit of weight of the adsorbent, (mg/g), was obtained using the relation:  

qe = [(Ci – Ce ) · V] / M                                                                                                          (3) 

In order to describe the adsorption process, the Langmuir adsorption isotherm was 

used in this study, where:  

qe=qmax·(KL·Ce)/(1+KL·Ce)                                                                                      (4)

where:    qe = the quantity of copper adsorbed by 1 g of adsorbent in balance, mg/g 

               qmax = maximum adsorption capacity for 1g of adsorbent, mg/g 

Ce = residual concentration of copper in the solution, mg/L 

KL = Langmuir constant 

In its linear form (5), the Langmuir adsorption isotherm allows the determination 

of the maximum adsorption capacity of BioZheolyth and of the Langmuir constant. 

Ce / qe = 1 / (KL · qmax) + Ce / qmax                                                                                         (5) 

The Langmuir adsorption isotherm is based on the assumption that all the sites 

have an equal affinity for the adsorbed ion.

The maximum adsorption capacity qmax, refers to the adsorbent coating with a 

single layer of sorbate, and the Langmuir constant KL is correlated with the adsorption 

capacity and the adsorption energy, representing the adsorption enthalpy which varies with 

temperature. 
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RESULTS AND DISCUSSION  

The efect of the absorbent dose 

For an initial quantity of 10-2 M Cu (II) in solution, Figure 3 shows the percentage 

of its elimination, and Figure 4 shows the variation of adsorption capacity, depending on the 

adsorbent dose used. 

It can be noticed that when the adsorbent dose increases, the Cu (II) adsorption on 

BioZheolyth, the percentage of its elimination from the solution respectively, rises to a 

certain boundary value, after which it remains almost constant. 

The increase of adsorption with the increase of the adsorbent quantity is to be 

expected, as a consequence of the adsorbent surface enlargement and the availability of 

more adsorption sites [18, 20]. Once these sites have been occupied, adsorption remains at a 

constant value. 

On the contrary, the Cu (II) adsorption capacity on BioZheolyth decreases with the 

increase of the adsorbent dose because the copper elimination rate is lower with reference to 

the adsorbent mass increase rate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Removal degree for Cu (II) on different quantities of BioZheolyth 
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Figure 4. The influence of adsorbent quantity on the adsorption capacity of Cu (II) on BioZheolyth 

The efect of the contact time 

For an initial quantity of 10-2 M Cu (II) in solution, Figure 5 and Figure 6 show the 

cation percentage eliminated from the solution, the BioZheolyth adsorption capacity 

respectively, depending on the contact time between the solution and the adsorbent. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.  Removal degree of Cu (II) on BioZheolyth versus contact time between adsorbent and solution 
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Figure 6. Contact time adsorbent - solution versus adsorption capacity of Cu (II) on Biozheolyth 

 

It can be noticed that for all the adsorbent doses used there was a rapid adsorption 

of the Cu (II) ions during the first minutes, after which the adsorption rate gradually 

decreased. Consequently, the Cu (II) adsorption on Biozheolyth, the percentage of its 

elimination respectively, increases to a certain value with the increase of the contact time, 

after which it remains almost constant. 

Distribution rate 

Table I shows the Cu (II) ion distribution rate between the solution and the 

adsorbent, depending on the contact time, for the maximum adsorbent dose of 2.00 g.  
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Tabelul I. Distribution rate of the Cu (II) ions between solution and 
2.00 g adsorbent for different contact time 

 
Contact 

time (min) 
Initial concentration of 

Cu(II) (mol/L) 
Final concentration of 

Cu(II) (mol/L) 
Distribution rate 

Kd (mL/g) 
5 0.0114729 0.00875 7.77751 
15 0.0114729 0.00724 14.61206 
30 0.0114729 0.00566 25.70459 
60 0.0114729 0.00478 34.97404 
90 0.0114729 0.00335 60.60383 
120 0.0114729 0.00235 97.15978 
150 0.0114729 0.00184 130.78945 
180 0.0114729 0.00183 131.54940 
210 0.0114729 0.00184 130.60231 
240 0.0114729 0.00165 149.17476 

 

It can be seen that the increase of contact time from 5 minutes to 4 hours conducts 

to a major increase of distribution rate, with almost 20 times.  

 

CONCLUSION  

The study performed on synthetic wastewater samples of 10-2 M Cu (II), with 

Biozheolyte quantities between 0.25 and 2.00g and contact time between 5 and 240 

minutes, has indicated the optimum conditions for copper removal: 2.00g of adsorbent at 

120 minutes contact.  

A higher than the optimum value identified for the contact time between adsorbent 

and copper solution is not justified because the removal degree does not increase 

significantly over it as it reaches a platou. Further studies are necessary in order to identify 

the extent for which a higher adsorbent quantity could lead to a higher removal degree. 
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