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Abstract - In this study, it was investigated removal of turbidity from Pistachio Processing Industry Wastewater (PPIW) by electro-
oxidation. Electro-oxidation was established using Ti/Pt anodes and stainless steel cathodes in batch mode. Experimental parameters
were selected as stirring speed, initial pH value and supporting electrolyte species. Removal fraction and energy consumption was
calculated using experimental results of electro-oxidation of PPIW using Ti/Pt DSA type anode and stainless steel cathodes. The highest
removal fraction was obtained as 0.85 at pH: 5.3 (natural), no stirring and 0.5 M NaCl supporting electrolyte concentration. Whereas,
energy consumption was obtained as 203.5 kW-h/m? at same experimental conditions.
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1. Introduction

Type and concentration of pollutants which was released the result of human activity as a result has increased along
with the industrial revolution of increasing industrialization and has become more complex. Especially, these waste waters
which were given to receiving environment the uncontrolled pollute clean water supply. Therefore, these wastewaters should
be treated before discharge to the receiving environment [1].

There are many traditional methods which were used in wastewater treatment. The traditional technologies can be
sorted such as biological processes [2] and physicochemical processes, which include: membrane filtration [3], ion exchange
[4], chemical precipitation [5], chemical oxidation [6], adsorption [7], reverse osmosis [8] and electro-dialysis [9]. Electro-
oxidation is relatively new treatment method when compared with conventional treatment methods [1].

Electro-oxidation is process with the help of using insoluble anode material either organic contaminations can be
degradation completely or conversion to the less toxic intermediates can be biodegraded [10, 11]. As the anode material is
used various types of anodes such as BDD [12], Ti/Pb, [13], Ti/RuO2 [14], Ti/lrO; [15], Ti/SnO [16], Ti/Pt [17] and platinum
[18]. Electro-oxidation process takes place in two ways including direct and indirect. While organic pollutants can be
degraded as adsorb to anode surface by direct electro-oxidation, indirect electro-oxidation can degrade organic pollutant via
electro-generated oxidants (e.g., hydroxyl radical OHe [19], chlorine, hypochlorite [20], hydrogen peroxide [21], 0zone [22]
and S;08,123]).

Electro-oxidation has been applied successfully high organic pollution containing wastewater such as textile industry
[24-26], tannery [13, 27], distillery [28], landfill [10, 29], paper mill [30], olive mill [31] and drug [32].

In this study, the effect of turbidity removal from Pistachio Processing Industry Wastewater (PPW) which contains
high containing organic pollution was investigated. Experimental parameters were studied as wastewater stirring speed, the
effect of initial pH of the wastewater and supporting electrolyte types. As the anode material DSA type Ti/Pt and as the
cathode material stainless steel plate were used in batch mode. Depending on the applied current density, turbidity removal
fraction was examined at specific time intervals.
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2. Material and Methods

The batch experimental setup is schematically shown in Fig.1. The monopolar electro-oxidation consists of
approximately an 800 mL electrochemical glass-made batch reactor with five Ti/Pt anodes and five stainless steel plate
cathodes. The length and width of each electrode is 100 mm and 60 mm, respectively. The total effective electrode surface
areas of anode and cathode are 2000 cm?. The distance between electrodes was selected as 5 mm. The applied voltage was
kept constant by means of a power supply (Chroma 6204P-40-120). During the experiments, pH, conductivity and
temperature of wastewater samples were measured by a pH-meter (WTW-340i). Every experiment was performed at the
room temperature.
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Fig. 1: Experimental set up (1. DC power supply, 2.Ti/Pt anode, 3.Stainless steel cathode, 4. Wastewater, 5. Magnet, 6. Magnetic
stirrer).

The turbidity removal fraction (1) is calculated as follows:
n=— 1

where; Co: Initial concentration (mg/L); Ci: Concentration at t (mg/L)
Specific energy consumption (SEC) per m3 of wastewater treated has calculated as follows;

SEC(kW_%3)=VXIXt @)

\Y

Where; V: Cell voltage (v); I: Current (A); t: Time (h); v: Volume of wastewater (m?)

3. Results and Discussion
3.1. Effect of Stirring Speed

To investigate the effect of stirring speed on turbidity removal, electro-oxidation process was carried out using various
stirring speed varying from 0 to 600 rpm at natural wastewater pH (<5.3) and 5 mA/cm? for 5 h electrolysis time. The effect
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of stirring speed can be deduced from Fig. 2. It was discovered that stirring speed had very little or no effect on the electro-
oxidation. At increasing stirring speed, the percentage removal increased at very little quantities. When stirring speed was
increased from 0 to 400 rpm, removal fraction increased from 0.65 to 0.68. If the stirring speed is increased from 400 to 600
rpm, the removal fraction is reduced by about 0.47. Because stirring speed didn’t removal efficiencies too much, the stirring
speed was chosen 0 rpm because of energy consumption taking into consideration [33-35].
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Fig. 2: Effect of stirring speed on the removal of turbidity.

3.2. Effect of Supporting Electrolyte Types

Effects of supporting electrolyte type on the turbidity removal by electro-oxidation was investigated at wastewater
natural pH, 5 mA/cm? current density, 0.50 M supporting electrolyte concentration for 5h electrolysis time. Supporting
electrolyte types were selected different salt types such as Na.SO4, NaNOs, NaCl and KCI which have a high solubility in
aqueous media. The results were showed in Figure 3. As can be seen from the results, the presence of the supporting
electrolyte in wastewater medium increased removal fraction significantly. Turbidity removal fraction was found to be 0.85
for NaCl, 0.79 for KCI, 0.72 for NaNOs, 0.70 for Na>SO4 and 0.65 for no supporting electrolyte. Therefore, NaCl was chosen
to be support electrolyte types on subsequent experiments [36, 37].

3.3. Effect of Initial Wastewater pH

It has been established that the influenced pH is of vital importance in the performance of many electrochemical
processes. Also, that the initial pH of the electrolyte is one of the important factors affecting the performance of
electrochemical process particularly on the performance of electro-oxidation process. In this study, turbidity removal fraction
was determined in the pH range from 3 to 11. Figure 4 shows the influence of solution pH on turbidity removal. It shows
that the turbidity removal fraction increased with pH until it reached to 5.3 (Natural), and after this point, further increase of
pH, the removal fraction decreased. Maximum removal occurred at pH 5.3 value, thus pH = 5.3 (Natural) was the optimum
pH [38-41].
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Fig. 3: Effect of supporting electrolyte types on the removal of turbidity.
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Fig. 4: Effect of supporting electrolyte types on the removal of turbidity.
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3.4. Energy Consumption

The effects of stirring speed on electrical energy consumption were given in Fig. 5. Results showed that with increasing
stirring speed from 0 to 400 rpm electrical energy consumption decreases from 289.5 to 245.5 kW-h/m?® wastewater at natural
pH value (=5.3) and 5 mA/cm? current density after 5 h reaction. When stirring speed was increased form 400 rpm to 600
rpm, energy consumption was increased as 69 kW-h/m?. At all stirring speeds, electrical energy consumption was higher
form 400 rpm. It can be concluded the slowing down process of electron transfer in lower stirring speed. The centrifugal
force on the electron transfer has been oppressing at higher stirring speeds. Therefore, energy consumption increased in over
and 400 rpm under stirring speed [33].
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Fig. 5: Effect of stirring speed on the energy consumption.

The energy consumptions for 0.5 M of NaCl, KCI, NaNOs, Na>SO, and without supporting electrolyte were calculated
to be 203.5, 182.5, 235, 221.5 and 296.5 kW-h/m?, respectively. When supporting electrolyte was added to wastewater,
energy consumption was decreased because of amounts of ions in solution increasing. Figure 6 showed that the higher energy
consumption was detected at without supporting electrolyte as 2965.5 kW-h/m?3. But the smallest energy consumption values
were obtained at NaCl and KCI supporting electrolyte types for 0.5 M initial concentration 203.5 and 182.5 kW-h/m?,
respectively. This situation can be explained that both NaCl and KCI water is almost completely dissolved.

The energy consumption rates at for pH:3, pH:4, pH:5.3 (natural), pH:7, pH:9, and pH:11 were calculated to be 187,
188, 193.5, 178, 166 and 155 kW-h/m?, for 5 h of electrolysis time, respectively. When considered the data in Figure 7, it
can be stated that the lowest energy consumption rate is obtained with a pH 11 and energy consumption is reduced below
and above of natural pH value of wastewater. This condition can be explained from the different conductivity of wastewater
with different initial pH values. Total resistance of the system can be affected the specific conductivity of a wastewater
medium [42]. When conductivity increases, wastewater resistance decreases. This decreasing in wastewater resistance can
be reduce energy consumption.

4. Conclusion

In the this paper, the electro-oxidation of PPIW was carried out using Ti/Pt DSA type anode under different stirring
speeds, initial wastewater pH values and supporting electrolytes types. The stirring speed was determined to have no effect
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on removal fraction. Treatment efficiency decreased in the above and below the value of the natural pH. The supporting
electrolyte types in which was used (NaCl, KCI, NaNO3 and Na,SO.) were determined to be the most effective of NaCl. The

energy consumption for all experimental conditions were calculated to be 314.5 kW-h/m? for the highest and to be 155 kW-
h/m3 for the lowest for 5 h electrolysis time.
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Fig. 6: Effect of supporting electrolyte types on the energy consumption.
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