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Abstract: In this paper was investigated the effect of supporting electrolyte concentration, mixing, cathode material and pulsed current regime on electrocoagulation proces of wastewater containing phosphates. All experiments were performed at an initial pH value 3, initial phosphate concentration (0=50 mg/L (P-PO4) and the current density ј=0-2,0 mA/cm2. The concentration of sodium chloride as supporting electrolyte varied in the range of 0-2.0 g / L, the electrolysis duration was 10 minutes, and 30 minutes during the examination of the impact of mixing on phosphate removal efficiency, respectively. As a cathode material, other than iron and aluminum was used and stainless steel.
Сажетак: У овом раду је испитан утицај концентрације помоћног електролита, мијешања, катодног материјала и реверсне струје на процес електрокоагулације отпадне воде оптерећене фосфатима. Сва испитивања су вршена при почетној pH вриједности 3, почетној концентрацији фосфата (0=50 mg/L (P-PO4) и густини струје од ј=0-2,0 mA/cm2. Kонцентрацијa натријум-хлорида као помоћног електролита креталa се у опсегу од 0-2,0 g/L, а електролизa је трајала 10 минута, односно 30 минута приликом испитивање утицаја мијешања на ефикасност уклањања фосфата. Као катодни материјал, поред жељеза и алуминијума, кориштен је и нерђајући челик.
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INTRODUCTION
Phosphorus is a natural nutrient, unavoidable in surface water which appears almost always as a phosphate ion [1]. Phosphate ions could be in the form of the orthophosphates, condensed phosphates (pyro, meta and other polyphosphates) or organically bound phosphates. The origins of the phosphates are also diverse. Large quantities of phosphates can still be found in various detergents and cleaning products especially in less developed countries which lack appropriate legislative on this problematic. Phosphates are also used for water treatment in water heaters in industries and heating plants. Especially extensive is the application of the phosphates in the agriculture as the fertilizer, where, ifextensively used, they are carried toward surface  water by rain, snow melting or other precipitations, as well as by the irrigation water. However, although precious nutrient highly valuable for the agriculture, phosphate released in extensive quantities into the surface waters, causes euthrofication [2].

In Republic of Srpska phosphate levels are monitored as total phosphorus in wastewater under the relevant regulations, depending on whether it is a discharge of wastewater into surface waters [3] or sanitary sewer system [4]. Monitoring of rivers and lakes periodically conducted by the Ministry of Agriculture, Forestry and Water Management, through authorized laboratory. For confirmation of quality use the appropriate Regulation [5] which has somewhat stricter criteria, particularly for high-class water quality.
Removal of the phosphate from the drinking waters and also from the wastewater started to draw the attention of the scientists and professionals from the 1960s [6]. Classical techniques for phosphate removal from this period are classified as: physical, chemical and biological. Physical methods remain quite expensive, and most of them, particularly electro-dialysis or the reverse osmosis are very inefficient, with phosphate removal only up to approximately up to 10% [6]. Chemical methods, par contrary, were more often and more widely used especially coagulation by aluminum sulphate or iron chloride. However, they also are expensive for maintenance due to problems with sludge managements and effluent neutralisation. In the third group of methods, the biological ones, efficiency is around 30% which also demands additional treatments [6]. The adsorption methods as means of combined treatment with the biological ones, were long considered, and they still are. Nevertheless, they also seem to be too complicated with necessity for following the number of factors influencing the process, thus there are continues efforts to find new removal techniques [7].
As a perspective methods have proven electrochemical methods of wastewater treatment [8]. The electrochemical technologies have attracted a great deal of attention, because of their versatility, which makes the treatment of liquids, gases and solids possible and environmental compatibility. These methods are electrodialysis, electrooxidation, electroflocculation and electrocoagulation [9]. In recent years, investigations have been focused on the treatment of wastewaters using electrocoagulation owing to the increase  in environmental restrictions on wastewater [10].
Electrocoagulation process of wastewater, and consequently water containing phosphates, has become very attractive for research in the last two decades. Initially, the research was based on the research of feasibility and applicability of the process of electrocoagulation treatment of wastewater containing phosphates to the testing of the basic parameters such as current density, electrolysis duration, temperature, initial phosphate concentration, the type and concentration of supporting electrolyte and their optimization [11-16].

After that was carried studies with different types of electrodes such as mild steel, stainless steel, aluminum ore, zinc, copper, etc. and was carried to compare them [6, 17-19]. Process performance was achieved as in the batch reactor [10], in a flow reactor with recirculation [8, 20], as well as in reactors which combine the electrocoagulation, electroflotation and the electrooxidation process [21].
Attour et al. in their research indicate that the phosphate removal efficiency from wastewater at Al electrode was 90% after 15 minutes of treatment [10]. It was used 6 pairs of electrodes, with a total area of approximately 1500 cm2 and distance betwen of electrodes 5 mm. The electrodes were connected to a direct current power supply. Stirring was 150 rpm. The volume of batch electrocoagulator was 850 ml. The highest removal of phosphate was obtained at a initial concentration of phosphate 50 mg/L, as an supporting electrolyte used is 4,5 mM NaCl and at a current density 1 mA/cm2 [10].
A group of scientist from India are also removing phosphate from wastewater using Al electrodes. They investigated the influence of various parameters (supporting electrolyte concentration, pH-value, distance between the electrodes, voltage and the initial concentration) on the removal efficiency. The maximum removal efficiency of 98% was obtained at a voltage of 10 V and pH=6. The optimum distance between the electrodes was 2 cm [22].
Behbahani et al. made a comparison between the phosphate removal efficiency by using Al and Fe electrodes [11]. At pH=3 are achieved maximum removal efficiency, which amounts to 100% for Al electrodes  and 84,7% for Fe electrodes. This highest removal efficiency at a pH=3 was obtained at a initial phosphate concentration of 400 mg/L and at a current density of 250 A/m2 for both types of electrodes. The turbidity of the solution is higher for Fe electrode. In the sludge was found a greater amount of PO43- for Al electrode, which  indicate higher removal efficiency [11].
Nassef conducted an experiment of removing phosphate from wastewater and presented the optimal parameters to obtain the highest efficiency. Removal efficiency increased with duration of electrolysis, and after an hour reached the equilibrium value. By increasing the current density from 2,45 tо 9,82 mA/cm2 increase efficiency from 80 to 100%. Increasing concentration of supporting electrolyte of 0,5 to 5 g/L there was an increase of efficiency from 80 to 95%. The increase of phosphate concentration from 5 to 50 mg / L decreases the efficiency of from 100 to 75% [23].
This research is focused on the electrocoagulation treatment of wastewater loaded with phosphates. During the study, special attention was paid to the choice of supporting electrolyte concentration, type of cathode materials, the application of pulsed current regime, as well as the impact of of stirring to the process of electrocoagulation.
2. EXPERIMENTAL
Experimental part of the research is contained by the application of electrocoagulation proces for removing of phosphates from simulated wastewater. Experimental setup is shown on the Figure 1. The batch electrochemical reactor of 250 cm3 capacity made from polypropylene with constant mixing was used, combined with two electrodes of the same area surface. The dimensions of the electrodes are 40x40x1 mm. The total effective area of one electrode is 17,2 cm2, and the distance between 2 cm [23]. Electrodes were connected to digital power source (Atten, APS3005SI; 30V, 5A) with the potentiostatic and galvanostatic operating options, a pulsed current regime is provided by a generator variable periodic regime current (Selekt-automatika, Serbia).
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Figure 1. Experimental setup
All the experiments were performed at an initial temperature of sample t=20°C and initial volume synthetic wastewater of 200 cm3. Before each treatment was set the current density to a certain value. Aluminum electrodes were prepared as follows:
· Cleaning electrodes with detergent and water;

· Immersion in 1M NaOH;

· Rinse with water;

· Immersion in acetone and removing surface grease;

· Rinse with distilled water.
Iron electrodes were prepared as follows:
· Cleaning with HCl (1:1) for the removal of corrosion productes;

· Rinse with water;

· Cleaning with detergent;

·  Immersion in HCl (1:1);

·  Immersion in acetone and removing surface grease;

·  Rinse with distilled water.
2.1 Materials and chemicals
All the used chemicals are of p.a. purity. For prepairing solution in all experiments was used distilled water. In order to prepare synthetic wastewater of the particular concentration we used commercially available 99,3% potassium dihydrogen phosphate (KH2PO4), „Kemika“, Croatia. As supporting electrolyte was used 99,5% sodium chloride (NaCl), „Lachner“, Czech Republic.
The electrode materials are:

· aluminum (Al 99.5/EN AW-1050 A; max. 0,25% Si, max. 0,40% Fe, max. 0,05% Cu, max. 0,05% Mn, max. 0,05% Mg, max. 0,05% Ti, max. 0,07% Zn, min. 99,50% Al).
· steel (EN 10130-91; max. 0,08% C, max. 0,12% Cr, max. 0,45% Mn, max. 0,65% Si)
· stailess steel (EN 1.4301/AISI 304; max. 0,07% C, max. 18,1% Cr, max. 8,2% Ni).
Before each experiment, in accorcdance to the literature data, was adjusted the optimum pH-value of the synthetic wastewater (pH=3) with  HCl [11, 15, 24].
Treated synthetic wastewater after each experiment was collected and filtered through filter paper „Filtres Fioroni“, France (Ref.:0015A00007; size:125 mm; qty.: 1000). Analysis of the treated synthetic wastewater was performed spectrophotometrically  (λmax=410 nm) in the UV-VIS spectrophotometer (Perkin-Elmer, LAMBDA 25) according to a standard method [25]. Prepared samples of synthetic wastewater before and after treatment were analyzed on the following parameters: phosphorus content (P-PO4), total dissolved substances (TDS ), pH, electrolyte resistivity (ρ) and conductivity (κ). TDS, ρ and κ are determined on the multimeter (Consort C861), and a phosphorus concentration by spectrophotometry, as already stated.
2.2 Pulsed current regime
Attempt to improve the electrocoagulation treatment, from three in practice represented current regime it was used pulsed current regime. The regime is a schematic represented in Figure 2. A pulsed current regime is defined by the cathode current density ( jk), time cathode deposition (tk), anodic current density ( ja), and time of anodic dissolution (ta). The period of pulsed current waves, (T), is the sum of the time of cathode deposition (tk) and time of anodic dissolution (ta) [26].
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Figure 2. Schematic view of pulsed current regime [26]
3. RESULTS AND DISCUSSION
Results for the phosphate removal by electrocoagulation are expressed by mass concentration (mg/L) and phosphate removal efficiency, Eu, in percent calculated by the followed equation:
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There the γi and γf are the initial and the final concentration of the phosphate in mg/L. The phosphate removal efficiency is research depending on the current density as a function of electrolysis duration to determine the optimum process conditions.
It was investigated the impact of stirring on the removal efficiency of phosphorus at γ0=50 mg/L, t=30 min, j=1 mA/cm2 and without the presence of supporting electrolyte. Experiments have been performed without stirring and with stirring of 400 rpm. Figure 3 indicates that the application of stirring a slight increase in removal efficiency. Further research was carried out with stirring during all experiments.
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Figure 3. Removal efficiency with and without the use of of stirring (γ0=50 mg/L, ј=1 mA/cm2, t=30 min)
The influence of the concentration of supporting electrolyte on the phosphate removal efficiency for both electrode pairs is shown in Figure 4. For the case of aluminum electrodes, highest removal efficiency was at a concentration of γNaCl=0,5 g/L (Eu=55,5%), while for the iron electrode highest removal efficiency is at a concentration of γNaCl=2 g/L (Eu=52,2%). At the lowest used concentration of supporting electrolyte, γNaCl = 0,25 g/L removal efficiency is Eu=52,1% for aluminum, and Eu=50,2% for iron, respectively. Based on these results, it can be concluded that increasing the concentration of supporting electrolyte over 0,25 g/L does not cause a significant increase in the phosphate removal efficiency. For this reason, a further research was used supporting electrolyte in a concentration of 0,25 g/L NaCl, while Attour et al. and Kuokkanen et al. recommended concentration of 1 g/L NaCl [10, 27]. For 20 minutes of treatment, and at the optimal concentration of supporting electrolyte (γNaCl=0,25 g/L) is achieved removal efficiency of 64.1% for iron electrode and 93,6% for aluminum electrode (Figure 5).
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Figure 4. Removal efficiency in relation of concentration of NaCl (j=1 mA/cm2, t=10min)
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Figure 5. Removal efficiency in relation of the electrolysis duration (j=1 mA/cm2, t=20 min, γNaCl=0,25 g/L)
In order to examine the influence of the electrode material as the cathode is used stainless steel (SS). Figures 6  and 7  show the impact of the application of stainless steel as a cathode on the removal efficiency. It is obvious that the difference in removal efficiency is insignificant, so that the aluminum electrode can be successfully replaced with the cathodes of stainless steel, making process becomes more efficient and easier to maintain, which is found in other studies [27].
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Figure 6. Removal efficiency with and without the use of a cathode of stainless steel
(t=10 min, γNaCl=0,25 g/L, j=0,25 mA/cm2)
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Figure 7. Removal efficiency with and without the use of a cathode of stainless steel
(t=10 min, γNaCl=0,25 g/L, j=0,25 mA/cm2)
Using pulsed current regime can be prevented passivation of electrodes. Experiments show a slight increase removal efficiency without the use of pulsed current regime (Figure 8). This behavior is a sign that during process, there is no significant passivation and „dirtying“ electrodes, so that the application of reverse current no positive impact on the efficiency of the process.
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Figure 8. Removal efficiency with and without pulsed current regime
(t=10 min, γNaCl=0,25 g/L, j=0,25 mA/cm2)
4. CONCLUSION
Based on the presented results it can be concluded that the influence of the concentration of supporting electrolyte over 0,25 g/L NaCl negligible. Although the highest removal efficiency was achieved at slightly higher concentrations of supporting electrolyte, due to small differences in achieved efficiencies as optimal concentration was used the minimum concentration of supporting electrolyte (0,25 g/L NaCl), in order to reduce operating costs. Iron or aluminum cathode can be replaced with the cathodes made of stainless steel, considering to their application there is no significant difference in the efficacies of removal. Experiments have shown that in the process of electrocoagulation phosphate does not occur the passivation of electrode, which means that the application of the pulsed current regime is not required.
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