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Abstract—In the current study, the aerial oxidation of sodium 
sulfide in the presence of ultrasonic vibration is investigated. 
Sulfide analysis was carried out by the methylene blue method. 
Sodium sulfide is oxidized to elemental sulfur in the presence of 
ultrasonic vibration. The influence of air flow rate, initial sodium 
sulfide concentration and ultrasonic vibration intensity on the 
oxidation of sodium sulfide was investigated. The rate law 
equation regarding the oxidation of sulfide was determined from 
the experimental data. The order of reaction with respect to 
sulfide and oxygen was found to be 0.36 and 0.67 respectively. 
The overall reaction followed nearly first order kinetics.  
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I. INTRODUCTION 

Different processes are followed for the removal of sulfides, 
including wet scrubbing, liquid redox technology, biofiltration, 
scavengers, carbon adsorption, iron salts, biocide process, 
anthraquinone and use of oxidizing agents [1-4]. As 
documented in [1-9], sulfide removal from wastewater is 
mainly achieved by oxidation. Advanced oxidation is the latest 
among wastewater treatment techniques [1]. Oxidation can be 
accomplished chemically or biologically [10]. Chemical 
oxidation involves the removal of electrons and removal or 
addition of hydrogen [7]. In water and wastewater engineering, 
chemical oxidation serves the purpose of converting putrescible 
pollutant substances to innocuous or stabilized products [11]. 
Reserachers in [9, 12-16] investigated the oxidation of sulfides 
in the presence of catalyst, however, catalytic oxidation suffers 
from certain drawbacks and it is not economically suitable for 
large continuous treatment processes. Moreover, these catalysts 
are poisonous and hazardous and their complete recovery after 
treatment is essential. Photo oxidation in both presence and 
absence of catalyst has also been studied [5, 6, 17, 18]. In the 
absence of catalyst, photo oxidation requires higher UV light 

intensity, which is not economically suitable for large 
continuous wastewater treatment processes [17, 18].  

Authors in [13] investigated the sulfide oxidation by 
atmospheric oxygen in presence of “Sulfur Black B” dye as a 
catalyst. The reaction was reported to be first order in sulfide 
concentration. Authors in [11] made an exhaustive survey of 
the classical methods on sulfide oxidation. They carried out 
catalytic oxidation with dissolved oxygen using a number of 
catalysts including carbon black, ferric salts and a few organic 
compounds. Authors in [16] reported the effect of FeCl3 
catalyst on the oxidation of Na2S with dissolved oxygen. They 
analyzed the conversion data using a first order rate equation 
for sulfide removal. They found out that the rate constant is a 
function of FeCl3 concentration. Sulfide oxidation can be used 
for the synthesis of sulfones and sulfoxides. Authors in [14] 
indicate that the reaction of sulfides with 30% hydrogen 
peroxide catalyzed by tantalum (V) chloride in acetonitrile, i-
propanol, or t-butanol produces high yields of sulfoxides. 
Authors in [19] developed the microbial fuel cell (MFC) for 
removal of sulfur-based pollutants. The fuel cell used activated 
carbon cloth and carbon fiber veil composite anode, air 
breathing dual cathodes and sulfate reducing species. In this 
system, most of the sulfide is electrochemically oxidized to 
sulfur. 

II. EXPERIMENTAL WORK 

A. Analysis of Sulfide 
We prepared the test solution using sodium sulfide of 60% 

purity. Methylene Blue Method (MBM) [20] was used to 
analyze the sulfide, and estimated its concentration using DR 
5000 Hach UV-visible spectrophotometer. Since elemental 
sulfur formation occurs during the oxidation process, carbon 
disulfide was added dropwise prior the analysis of sulfide for 
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removing the elemental sulfur formed during the oxidation 
process. 

B. Methodology 

A schematic diagram of the oxidation process is shown in 
Figure 1. The reactor comprised of a glass reactor, ultrasonic 
vibrator, dissolved oxygen (DO) probe and spurger for 
distributing the air in the solution taken in the reactor. The 
ultrasonic vibrator was connected to the power supply. The DO 
probe was dipped into the liquid in the apparatus only to 
measure the dissolved oxygen concentration, and the pH probe 
monitored the solution’s pH. The glass reactor was dipped in 
the water inside the ultrasonic vibrator. The ultrasonic vibrator 
cannot be used as a reactor because in that case the temperature 
of the solution raises. The ultrasonic vibration is transferred 
into the solution inside the reactor through water present in the 
ultrasonic vibrator. Before the sulfide analysis, carbon disulfide 
was added in order to dissolve the elemental sulfur formed 
during the oxidation. 

 

 

Fig. 1.  Experimental set up for the sulfide oxidation in the presence of 
ultrasonic vibration. 

III. RESULTS AND DISCUSSION 

The aerial oxidation of sodium sulfide was investigated at 
different air flow rates, different initial sodium sulfide 
concentration and different ultrasonic vibration intensities. It 
was found that oxidation of sulfide produces elemental sulfur 
and sodium hydroxide. Initial pH of the sulfide solution was 
found to be 12 or more depending upon on the initial sulfide 
concentration. The pH of the solution increased gradually with 
an ultimate value equal to 13 which is alkaline pH. The 
increase in the value of pH can be related to the liberation of 
caustic soda as a result of sulfide oxidation. The chemical 
reaction of sulfide and oxygen in the presence of ultrasonic 
vibration is the following: NaଶS + Oଶ → 2NaOH + S (1) 

A. Effect of Air Flow Rate 

The oxidation process was investigated at different air flow 
rates. It was found that the higher the atmospheric airflow rate 
at the opening of the spurger, the faster the sulfide oxidation. 
This is because higher atmospheric airflow rate at the opening 
of the spurger means larger concentration of oxygen in the 
liquid. The larger concentration of oxygen in the liquid will 
allow more reaction with the excited sulfide ions in the liquid. 
Increased reaction will shorten the time to oxidize the sulfides 
in the liquid. It was observed that the amount of dissolved 

oxygen remained constant during the oxidation while the pH of 
the liquid increased over time. This happened because during 
air bubbling, the oxygen from the air gets dissolved in the 
solution and the dissolved oxygen reacts with sulfide ions. 
Under a particular set of experimental conditions, the bubbling 
air supplied oxygen to the solution at a sufficiently high rate so 
that its concentration remained practically constant. The 
oxygen consumed by the sulfide ions was immediately 
replenished by absorption from the air bubbles. As sulfide was 
converted to elemental sulfur and sodium hydroxide, the pH 
increased up to 13. The effect of air flow rate on sulfide 
oxidation in the presence of ultrasonic vibration is shown in 
Figure 2. 

B. Effect of Initial Sulfide Concentration 

The oxidation process was also investigated at different 
initial sulfide concentration. It was observed that oxidation of 
800ppm of sulfide took 50 minutes. The rate of oxidation was 
found higher at higher initial sulfide concentration. Increase in 
the initial sulfide concentration increased the time of sulfide 
oxidation. Oxidation of 1000ppm of sulfide took nearly 60 
minutes. The airflow rate and ultrasonic vibration intensity 
were fixed, at 4liter/minute and 100% respectively. From the 
experiment done using the experimental setup and process 
shown in Figure 1, the concentration of sulfides was decreased 
over time while the concentration of sulfur was increased over 
time. Oxidation of sulfide in the presence of ultrasonic 
vibration at different initial sulfide concentrations is shown in 
Figure 3. From this experiment, it is apparent that the process 
of removing sulfide ions from synthetic wastewater by means 
of reaction between sulfide ions and dissolved oxygen in the 
presence of ultrasonic vibration in wastewater is quite effective. 
Synthetic wastewater during treatment by aeration in the 
presence of ultrasonic vibration became turbid due to the 
formation of elemental sulfur. The turbidity of the solution was 
found higher at higher initial sulfide concentration indicating 
higher rate of formation of elemental sulfur at high sulfide 
concentration. 

C. Effect of Ultrasonic Vibration Intensity 

It was observed that at higher ultrasonic vibration intensity 
sulfide oxidation becomes faster. It may be related to the 
formation of larger amount of excited sulfide ions with the 
increase in the ultrasonic vibration intensity. The larger amount 
of excited sulfide ions in the liquid would allow more reaction 
with the oxygen and thus increased reaction that would shorten 
the time of the sulfides oxidation. The effect of ultrasonic 
vibration on sulfide oxidation is shown in Figure 4. 

D. Kinetics of Sulfide Oxidation in the Presence of Ultrasonic 
Vibration 

A power law rate equation for sulfide oxidation is proposed 
in [21]:  ݎ = ൣܭ ைܲమ൧௠భሾܵିଶሿ௠మ (2) 

where K is the rate constant, m1 and m2 are orders of reaction 
with respect to oxygen partial pressure and sulfide respectively. 
A plot of the rate of sulfide oxidation against initial sulfide 
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