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Abstract 

 
   In the present study, semi – batch experiments were conducted to investigate the efficiency of ozone microbubbles (OMBs) in the 

treatment of aqueous dye solutions methylene orange under different reaction conditions such as  effect of initial solution pH , ozone 

generation rate and initial MO-concentration. The results showed that the removal of MO by OMBs were very high at the acidic and 

alkaline media and upon increasing the generation rate of ozone from 0.498 to 0.83 mg/s, the removal efficiency dramatically 

increased from 75to 100% within 15 min. The rate of oxidation reaction followed a pseudo first- order kinetic model. The results 

demonstrated that OMBs is efficient in terms of the decline of methylene orange concentration and its total mineralization. 
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1- Introduction 

 

   Organics contamination has long been a serious 

environmental issue and has drawn much attention 

.organic contaminants, such as, petrochemicals, dyes, and 

agrochemicals are major pollutant in wastewater, and can 

be extremely harmful to the environment and the human 

body [1].  

   Dyes are toxic contaminants in water and wastewater 

which causes remarkable threat to the environment if their 

concentration exceeds the acceptable limits [2].  

   They can remain in the environment for a long period of 

time if they are not addressed with an adequate treatment 

[3, 4].  

   In fact, the direct dye discharge that containing effluents 

into water is unfavorable, and that’s not related to their 

color only, but also because various of these released dyes 

and their breakdown products be toxic, mutagenic or 

carcinogenic to life forms mainly owing to carcinogens, 

for instance benzidine , naphthalene and other aromatic 

compounds [5, 6].  

   Several technologies had been designed to remove such 

pollutants, as well as these technologies include chemical 

oxidation, physical adsorption, and biological processes 

[7]. Nevertheless, physical adsorption removal efficiency 

is extremely restricted for wastewater that contains 

complicated components [8].  

   Biological treatment techniques are ineffective for fairly 

persistent contaminants and typically required more time 

in comparison with chemical processes [9].  

 

 

   In addition, in the biological methods the microbial 

activities are extensively affected by the environmental 

conditions that around it, consequently, it was 

inappropriate for several cases like the therapy of 

wastewater with high salinity [10].  
   Chemical oxidation is the commonly used method for 

the treatment of organics contaminated wastewater [11, 

12]. It is better than biological procedures and can be 

utilized for treating some consistent contaminants [9].  

   In chemical oxidation method, the oxidants that are used 

can competently break down organic contaminants and 

change it into less significant compounds or even convert 

them into water and carbon dioxide [13].  

   The best oxidant was chosen as a especially good agent 

for wastewater treatment is ozone for the reason that its 

strong oxidation ability [14].  

   It is commonly used to treat the pharmaceuticals present 

in water [15], and it may be used as a primary treatment 

to alter persistent contaminants into further more 

biodegradable compounds [16]. The rate of ozone mass 

transfer can be greatly enhanced by microbubble dispersal 

[17].  

   Micro bubble technology (MBs) were used extensively 

to get better based –advanced ozone oxidation processes 

for the treatment of water and wastewater because of their 

important physicochemical properties, MBs have a lower 

rising velocity in comparison with normal bubbles, and 

the negative charge of their shell, prevent them from 

coalescence, as a result, they are remain in water for a 

longer period of time [18].  
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   Moreover, MBs possess large specific surface area and 

high internal pressure, and that is can be able to improve 

the rate of mass transfer from bubbles into the aqueous 

phase significantly, so as a result, more dissolved gas 

concentration in the liquid phase [19, 20].  

   MBs can be combined with ozone effectively for their 

appliance in wastewater treatment. MBs can extend the 

reactivity and furthermore increases the dissolved ozone 

concentration [21], thereby increasing the treatment 

efficiency of ozone. These properties are of great 

significance and effective in the term of enhancing the 

transfer of ozone into water and production of hydroxyl 

radicals, the hydroxyl radical (·OH) is a strong oxidant 

with a standard redox potential of 2.8 V [22]. 

Consequently, the application of ozonation micro bubbles 

possibly an efficient alternative option for complete 

mineralization of MO from water. 

   This study investigated the possibility and efficiency of 

utilization of the ozone micro bubbles in the simulated 

waste water treatment. Methylene orange (an important 

/panionic dye), was selected as the target contaminant to 

facilitate the influence of initial pH, initial MO 

concentration, ozonation rate and determination of mass 

transfer coefficient. The results proved that the use of 

ozonation micro bubbles was a promising technology for 

total removal of MO from water with the bubble diameter 

size determined by (ImageJ free software) on average was 

(32) micrometer. 

 

2- Mechanism of Ozonation 

 

   Oxidation of dye particles in general, includes the 

oxidant assault on the sulfonic group or assault on the 

binary bond between N molecules (azo dyes). Despite the 

fact that the break of dye atoms is adequate to wipe out 

undesirable shading, different mixes are delivered during 

oxidation, which is once in a while hard to change over 

[23]. 

   Ozonation might be a promising process for color 

degradation that is providing advantages such as its be 

able to degrade in cooperation color and organic pollutant 

in the one step, with no chemical sludge remaining after 

the process, and have less danger for the reason that 

residual ozone can be decomposed easily to oxygen in 

water [24] and no stock of any chemical (like hydrogen 

peroxide) is critical.  

   Depending on the media pH, ozone reactions were 

divided in to two reactions that are direct or indirect 

reaction. At acidic solution pH, the rate of ozone 

decomposition was very slow and negligible; therefore, as 

indicated by the responses given below [25], atomic 

ozone responds straightforwardly with organics or 

inorganics and oxidizes them: 

 

 𝑂3  +  𝑂𝑟𝑔𝑎𝑛𝑖𝑐𝑠 →  𝐵𝑦 − 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 + 𝐻2𝑂 +  𝐶𝑂2                  (1) 

 
𝑂3  +  𝑂𝑟𝑔𝑎𝑛𝑖𝑐𝑠 →  𝐻𝑂 ·  + 𝐵𝑦 − 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 + 𝐻2𝑂 +  𝐶𝑂2         (2) 

 

 

   When the dye molecules were oxidized by ozone, first 

of all it assaults the dye chromophore group as well as 

break down its construction [26, 27].  

   In accordance with the literature, molecular ozone 

reacts with organics such as phenols, aromatic compounds 

and amines easily; however, alternatively, the reaction of 

aldehydes, carboxylic acids and alcohols occurs more 

slowly with ozone [28].  

   Observably, it is able to conclude that the direct and 

indirect ozone reactions are selective and depends on the 

target compound. When pH exceeds 7, Ozone 

decomposition starts to occur by the reaction of hydroxyl 

ions (OH
-
) with O3. Ozone decomposition provides the 

formation of hydroxyl radicals and enhances the hydroxyl 

radical reactions with organics [29].  

   Chu et al. [24] and Oyama et al. [30] had been 

mentioned that at acidic pH, molecular ozone reacts with 

organics and at pH values more than 7, the high rate of 

ozone decomposition causes the indirect reactions 

between hydroxyl radicals and organics to take place. 

Staehelin et al. [31] proposed the possible decomposition 

reaction of ozone as follows: 

 

𝑂3  +  𝑂𝐻−→  𝐻𝑂2 ·   +  − 𝑂2 ∙                                                (3) 

 
   Initially, starting with the self-decomposition reaction of 

ozone, indirect oxidation reactions improved with HO 

proceed to occur generally in alkaline medium. After 

ozone decomposition, the following reactions in aqueous 

phase occur: 

 

𝑂2
−  ·   + 𝑂3  → 𝑂3

−  · + 𝑂2                                                       (4) 

 
𝑂3

−  ·  + 𝐻+ → 𝐻𝑂 · +  3𝐻𝑂 ·  + 𝑂2                                          (5) 

 
𝑂3 +  𝐻𝑂 · → 𝐻𝑂2 ·   + 𝑂                                                       (6) 

 
𝑂𝑟𝑔𝑎𝑛𝑖𝑐𝑠 + (𝐻𝑂 · , 𝑂2

−  · , 𝑂3
−  · )  → 𝐵𝑦 − 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 +  𝐶𝑂2  + 𝐻2𝑂  

                                                                                        (7) 

 

   Therefore, in the ozonation method, both direct and 

indirect oxidations by ozone and hydroxyl radicals were 

of great importance for the dye and COD removals 

 

3- Experimental Work 

 

3.1. Equipment 

 
   The chemicals have been used in the present work were 

Methylene orange (MO), sodium hydroxide (0.1M), 

hydrochloric acid (0.1M).  

   The aqueous solutions were prepared by using distilled - 

water. Stock solution was prepared, which were diluted as per 

the requirements. The structure and properties of MO is shown 

in Fig. 1. 
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Fig. 1. Methylene orange structure and properties [41] 

 

   The schematic diagram for the semi- batch reactor of 

ozone micro bubble unit is shown in Fig.2.The setup 

comprises a column reactor, an oxygen source, an ozone 

generator (Shanghai ENALY M&E; model: OZX05K) , 

and a gas distribution system(i.e. diffuser) to generate 

micro bubbles . As illustrated in the figure, Oxygen with 

high-purity (> 98% by volume), was supplied to the 

ozone generator which was used to convert oxygen gas to 

ozone gas via the corona-discharge technique. The 

generation rates of ozone that applied in this work were 

dominated in the range of 0.498–0.83 mg/s depending on 

the recommendation of the manufacturer.  

   The gas combination (i.e. oxygen and ozone) that 

released from the ozone generator was then entered to a 

flow meter in order to evaluate its flow rate before 

entering the microbubbles diffuser (Point For TM 

diffuser) (Riverforest Corporation, USA, AS MK –III) in 

the semi-batch column reactor where the micro bubbles 

be generated. In the micro bubble generator, the 

dissolution of gas in water was reached by applying an 

oxygen flow rate of 1 l/min, so micro bubbles are 

continuously produced by the discharge of pressure. The 

experiments were made in an air-conditioned room where 

the temperature was maintained at 298 ±1 K. The initial 

concentration of MO in the aqueous solutions was 5ppm 

and the initial pH was 5.6, the pH of the solution be 

maintained by the use of 0.1M HCl and 0.1M NaOH 

solutions.  

   The samples from the reactor were collected initially 

every 1min and then after 7 min they were taken every 

5min to measure their concentrations. Nearly all of the 

experiments were carried out with an Ozonation rate of 

0.83 mg/s. 

 

 
(a) 

 
(b) 

Fig. 2. Schematic diagram and actual photo of the 

experimental set-up (a) Schematic diagram of the 

experimental set-up, (b) Actual photo of the experimental 

set-up 

 

3.2. Analytical Method 

 

   All aqueous solutions pH was measured by the use of a 

pH meter (ISOLAB.). Quantitative analysis of the MO 

dye concentration was made by an ultraviolet UV–visible 

spectrophotometer (Model: Cary-100 conc., Varian, 

USA). The wavelength of MO dye was detected at 552 

nm. 

 

4- Results and Discussion 

 

4.1. Effect of MO Initial Concentration  

 

   Dyes concentration in wastewater changed in a wide 

range. Thus, it is essential to study the influence of MO 

initial concentration on its removal efficiency by ozone 

micro bubbles.  

   The experiments were carried out using different 

concentration of MO (5, 10, 15, 20, and 25ppm) at room 

temperature. Solution pH and the ozone generation rate 

were kept constant during these experiments at 5.6 and 

0.83mg/s respectively and the results are presented in Fig. 

3. 

   It can be seen from the results that the concentration 

profiles followed the same trend for all concentrations of 

MO applied in the current study. Upon increasing the 

initial concentration of MO from 5ppm to 25ppm, the 

removal efficiency decreased from about 100% to 85% 

within 15 min of ozonation time, indicating that more MO 

is oxidized by ozone at lower initial concentration.  

   This can be understood by considering that the reaction 

follows pseudo- first order kinetics. Therefore, the 

reaction rate decreased when MO concentration increased 

and that was accepted with the earlier work of Ayana et 

al. [32]. 
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Fig. 3. Effect of the initial concentration MO on the 

removal efficiency (pH=5.6, ozone generation rate 

=0.83mg/sec) 

 

4.2. Effect of the Initial pH of Feed Solution 

 

   It is important to investigate the effect of the solution 

pH on the oxidation of methylene orange (MO) since pH 

of the aqueous medium controls both the mechanism and 

the rate of the ozonation process. The ions that present in 

the ozonation system (i.e. H
+
 or OH

-
) possibly will 

enhance the free radicals production. Hence, the pH of the 

aqueous medium plays a vital role in the decomposition 

of ozone into OH [33]. Numerous literatures [34, 35, 36, 

and 37] have been proposed the mechanism of ozone 

decomposition in acidic and alkaline solutions and the 

recapitulated in the work of Khuntia et al. [38].  

   For MO an ionic dye its removal efficiency was showed 

slight dependence on pH similar results were as well 

reported in the literature, for instance, the Ozonation of 

𝐶𝑁− ions was studied by Rice [39] and it was pointed out 

that pH had slight effect on cyanide Ozonation to cyanate. 

In accordance with the mechanism predicted by Staehelin 

and Hoigne [31], 𝑂𝐻− ions act in response with dissolved 

ozone to generate ·  𝑂2
− free radicals, and 𝐻 + ions 

promote · 𝑂2
− free radicals to convert into HO3· free 

radicals, which are in turn decomposed to ·OH free 

radicals [48]. Both 𝐻+ and 𝑂𝐻− ions are needed for the 

production of 𝑂𝐻 free radicals.  

   Additionally, the MO dissociation constant (𝑝𝐾𝑎) was 

3.4[40], and as a result MO will be in an ionic state when 

the pH state is higher or lower than this rate. An ionic 

structure of MO is more hydrophilic in solution and be 

able to degrade via dissolved ozone and ·OH free radicals 

[41]. The dealing by ozone MBs involves direct oxidation 

via ozone molecules and oxidation by ·OH radicals which 

were produced throughout ozone decomposition. 

Mechanism of oxidation involves hydroxyl replacement 

on the benzene rings and cavity of the aromatic rings [42]. 

   Through the oxidation process, MO degradation 

proceeds throughout the cleavage of the azo group that 

attached the two aromatic rings [43], and by-products 

such as, p-xylene, toluene, 2,3,5-trimethyl hexane, and 4-

aminoazobenzene are consequently produced [41, 44]. 

The by-products can be more oxidized to smaller 

molecules such as carbon dioxide, water, and sulfates.  

 

   As MO can also be oxidized by ozone directly, 

Ozonation MBs illustrated efficient treatment in a variety 

of pH ranges, the pH range was taken as (5.6, 8.2, 9.3, 

10.3, 11.2) to examine the effect of the media on the 

removal rate, the highest removal efficiency was observed 

at pH of 5.6. Similar to these results were also reported by 

Sevimli et al. [45], in which the solution pH showed an 

insignificant influence on ozone utilization.  Thus, in the 

current study, pH 5.6 was found to be the best possible 

condition for the treatment of methyl orange as shown in 

Fig. 4. The solution pH profile with different initial pH 

was investigated and the results are plotted in Fig.5. From 

this figure it can be seen that the extent of pH of the 

solution decreased with time for all initial pH solutions 

considered in this study, which is to be expected owing to 

the formation of organic acid intermediates during the 

oxidation of MO which is responsible for the lowering of 

the medium pH [40] 

 

 
Fig. 4. The effect of pH with time on the removal 

efficiency of MO (25˚C, MO concentration =5mg/l, ozone 

generation rate= 0.83 mg/sec) 

 

 
Fig. 5. Change of pH with time of MO (25˚C, MO 

concentration =5mg/l, O3 rate= 0.83mg/sec) 

 

4.3. Effect of Ozone Generation Rate 

 

   In the liquid phase, the ozonation rate has a major effect 

on the MO dye oxidation rate. In the current work, the 

ozonation experiments were made with a range of ozone 

generation rates starting from 0.498 to 0.83 mg/s to 

examine the influence of ozonation rate in the micro 

bubbles on the removal rate of MO dye.  
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   Results of the experimental work are shown in Fig. 6 

which shows that the rate of removal efficiency of MO 

increased with increasing the generation rate of ozone. 

The effect of the ozonation rate on the decolorization rate 

of MO is significant [41]. From Fig. 6, it was obviously 

show when the generation rate of ozone increased from 

0.498mg/sec to 0.83 mg/sec, the removal efficiency for 

MO increases from 69% to 100% through 20 min as seen 

in Fig. 6. Because this ionic (MO) dye removal can be 

occurred by direct reaction when the ozonation rate was 

high and by indirect reaction when the free OH
-
 radical 

was dominated. In addition, increasing the ozone 

generation rate causes an increase in the partial pressure 

of ozone in the gas mixture out come from the ozonator 

and this results in an augmentation in the ozonation rate in 

the aqueous phase, as predict by the Henry’s law, so even 

at low ozonation rate the removal efficiency was 74% 

when the reaction still for 25 min. 

 

 
Fig. 6. Effect of ozonation Rate on MO Removal 

Efficiency (pH=5.6, MO conc. =10mg/l) 

 

   The change in the pH solution at different ozonation 

rates with time was also studied and the results are plotted 

in Fig. 7. From the results presented in this figure, it is 

evident that with increasing ozonation rate, the drop in the 

solution pH increased with time and this is due to the 

increase in the ozone transfer from the gas phase to the 

liquid phase [24] which leads, in turn, to increase the 

decolorization rate and decrease the pH solution through 

time as observed in Fig. 7. A similar result was reported 

by Constap el et al. [46], and the main reason for that is 

related to the formation of organic acids and aldehyde. 
 

 
Fig. 7. Change of pH with ozonation rate at different time 

intervals (pH=5.6, MO conc.=5mg/l) 

 
Fig. 8. Change of pH with ozonation rate at different time 

intervals (pH =8.2, MO conc.=5mg/l) 

 

 
Fig. 9. Change of pH with Ozonation rate at different time 

intervals ( pH= 9.3, MO conc.=5mg/l) 

 

 
Fig. 10. Change of pH with Ozonation rate at different 

time intervals (pH =10.3, MO conc.=5mg/l) 

 

   From Fig. 7-Fig. 10, its clearly observed that when the 

ozonation rate decrease the drop off pH of the dyes 

solution also decreased until the lowest ozonation rate its 

nearly remain constant ,and that because when the ozone 

concentration is low that enhancing the indirect reaction 

when hydroxyl radical is produced in addition to strong 

acids that resulting from ozonation process so that the pH 

of the solution remain approximately constant or un 

change [41, 46]. The rapid de-colorization of MO was 

also visible within 10 min for all the applied MO 

concentration which range between 5–25 mg/l.  
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   The spectral band changed (after ∼5 min) due to the 

destruction of the structure of MO by ozone as shown in 

Fig. 11. 

 

 
Fig. 11. MO samples before and after 20 min of 

Ozonation by microbubbles (MO concentration =25mg/l, 

O3=0.83mg/s, pH =5.6 at room temperature) 
 

4.4. Estimation of Ozone Self-Decomposition Rate 

Constant  

 

   Ozone mass transfer in the aqueous phase for non-

reacting systems by micro bubbles had been reported 

previously in the literature by Khuntia et al; (2013)[47]. 

In current study, the ozone self-decomposition rate 

constant is determined through kinetic studies on our semi 

- batch reactor.  

  The dissolved ozone concentration in water has been 

calculated as a function of time and continue until it was 

reached saturation, which referred to the ozone 

concentration steady state, [𝐶𝐴𝐿]ss.  

   After that, the generation of ozone was stopped and the 

reduction in the ozone concentration in the reactor was 

determined during the experiment time as shown in 

Fig.12.  

   The time taken to achieve steady state ozone 

concentration decreased when the pH of the medium 

increased. Ozone decomposition in water depends on the 

aqueous solution pH and it was followed a pseudo first-

order kinetics and that reported as well in [47-49]. The 

self-decomposition reaction rate of ozone equation can be 

written as follows [50, 51] 

 

 −
𝑑[𝐶𝐴𝐿]

𝑑𝑡
  =  𝑘𝑑[𝐶𝐴𝐿]                                                              (8) 

 

Where: [𝐶𝐴𝐿] is the ozone concentration in the aqueous 

solution and kd is the rate constant of ozone self-

decomposition. Equation (8) integrated with the boundary 

condition that at   t = 0, [𝐶𝐴𝐿] = [𝐶𝐴𝐿]ss and this gives the 

following equation: 

 

 𝑙𝑛
[𝐶𝐴𝐿]𝑠𝑠

[𝐶𝐴𝐿]
   =  𝑘𝑑𝑡                                                                  (9) 

 

   Equation (9) predicts that kd would be the slope of a 

straight line passing through the origin and this line is a 

plot of ln [𝐶𝐴𝐿] ss/ [𝐶𝐴𝐿] versus time t, Table 1 

summarizes the experimental values of kd at various pH. 

 

Table 1. The experimental values of kd at different pH. 

pH 5 7 9 

𝒌𝒅 (𝐬−𝟏) × 𝟏𝟎 2.5 3 3.9 

 

 
Fig. 12. Concentration profiles of ozone during its self-

decomposition 

 

   One of the parameters that have a significant effect on 

ozone decay is pH. Therefore as to be aware of the 

influence of pH on ozone decay, a number of experiments 

were conducted at various pH values of 5, 7, and 9.  

   Fig. 13 illustrated the pH effect on the decay rate of 

ozone when the experiments were carried out in the 

absence of any dye. It was observed that at low pH the 

decay rate of is slow and it was increases when the pH 

increased. Moreover, that’s means; the half-life time t1/2 of 

ozone was pH dependent, for that reason, any increase in 

the pH leads to a decrease in the t1/2. 
 

 
Fig. 13. Dissolved ozone concentration in water at 

different pH 

 

4.5. Estimation of Volumetric Mass Transfer Coefficient 

𝑘𝐿𝑎(s−1)  
 

   The absorption of ozone start to increase gradually with 

time until it reaches to the saturation value 𝐶𝐴𝐿
∗ . The 

results reveal that after 30 min at any pH value, the 

saturated concentration of ozone was reached. The 

saturated concentration of the ozone was (0.04, 0.025 and 

0.018) mol/m
3
 at pH of 9, 7 and 5 respectively as shown 

in Fig. 13. 
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   The kinetic calculation will be performed at various pH 

values to investigate the influence of pH on the 

volumetric mass transfer coefficient for absorption 

processes.  

 

   For PH= 9: K= 6.015 × 102s−1 and 𝑘𝐿𝑎=5.6259 ×
102s−1 and Figure.14 show the experimental and the 

theoretical data that obtained from the following equation 

[53]: 

  

𝐶𝐴𝐿 =
𝑘𝑙𝑎

𝐾
𝐶𝐴𝐿

∗ (1 −℮xp (−𝐾𝑡))                                                (10)  

  

Where: (K = 𝑘𝐿𝑎  +  𝑘𝑑), 𝑘𝑑 was determined from a 

separate experimental study as shown in Fig. 12 ; 𝐶𝐴𝐿
∗  was 

determined from the Fig. 13. 

 
Fig. 14. The experimental and theoretical data at pH=9 

 

   For PH = 7, K=5.336 × 102s−1 and the value of 

𝑘𝐿𝑎=5.0366 × 102s−1 and Fig. 15 shows the 

experimental and theoretical data. 

 

 
Fig. 15. The experimental and theoretical data at pH=7 
 

   For PH = 5 K =5.47 × 102s−1 and 𝑘𝐿𝑎=5.22 × 102s−1 

and Fig. 16 shows the experimental and theoretical data. 
 

 

 

 

 

 
Fig. 16. The experimental theoretical data at pH=5 
 

   The result above shows the effect of pH value on the 

constant rate of absorption and decomposition of the 

ozone at different pH value. 

   When the pH value increases to 9 the constant rate of 

absorption also increases. pH was take place as a vital 

parameter in ozone reaction pathway.      

   Molecular ozone oxidation have a tendency to dominate 

in an acidic conditions whereas, free-radical oxidation is 

dominated at higher pH.  

   This owes to the generation of hydroxyl radicals (OH°) 

is improved in an alkaline condition. So, these radicals 

have an oxidation potential further more than ozone 

molecular [28], as shown from Table 2 the kinetic and 

mass transfer parameters at various pH (at ozonation rate 

of 0.83 mg/s). 
 

Table 2. Values of the volumetric mass transfer at various 

pH and ozonation rate of 0.83mg/s 

pH 5 7 9 

𝐤𝐋𝐚,( 𝐬−𝟏) × 𝟏𝟎𝟐 5.22 5.0366 5.6259 

 

   The solubility and decomposition rate of ozone in water 

is affected by factors such as pH. The pH of the water is 

important because hydroxide ions effect ozone 

decomposition. The concentration of ozone in the 

solutions increases as alkalinity increases. 

 

4.6. Removal of Chemical Oxygen Demand (COD) From 

MO Aqueous Solution 

 

    Results of the experiments were made and discussion 

of these results were obtained using methylene orange dye 

so as to evaluate ozonation process effect on the removal 

rate of COD as shown in Fig. 16. 
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Fig. 17. Removal of COD in MO aqueous solution 

(MO=100 mg/l, pH =5.6, at room temperature) 
 

   In general, several organic chemicals such as dyes, 

biocides, ionic and non-ionic surfactants, carriers, sizing 

agents are contained in industrial wastewaters. As a result, 

it was difficult to establish the degradation rate for each 

organic compound present in wastewater individually.  

   Hence, some worldwide waste water parameters such as 

COD were used as an indication for the degradation 

kinetics of organic compounds by ozonation. For this 

purpose, experiments were carried out in order to assess 

the effect of ozonation process on the COD removal 

efficiency. 

   Fig. 17 shows the values of COD in solution after the 

Ozonation process. As can be seen from Figure .17 the 

removal rate of color was 5% within the first 10 min 

whereas, for the duration of the initial 30 min, the 

removal of color was relatively fast and its decolorization 

rate has increased with time. Between 30th and 60th 

minutes these removal rates continue to increase rapidly 

and after 60th minutes a slowdown has been noticed. 

   It is expected that the changes in the COD value for MO 

aqueous solution may be as a reason of the breakdown of 

azo bond (- N=N-) in MO and construction of nitric acid 

via ozonation process, because the degradation of MO 

dye by ozone MBs was occurred as a result of two 

following steps. Firstly, the decomposition of 

chromophore groups (-N=N-, -N-(CH3)2) step of MO by 

ozonation and the subsequent step is the breakdown of 

aromatic rings [32]. 
 

5- Conclusion 

 

   This study was paying attention on investigating the 

efficiency of using ozone micro bubbles for the oxidation 

of methylene orange dye (MO) from aqueous solutions. 

The data obtained from this work showed that this 

technique was very effective in removing MO from liquid 

medium. From the experimental work, it was found that 

acidic and alkaline condition enhances the separation 

efficiency of MO. Removal efficiencies of 100% was 

obtained under conditions of pH 5.6 And ozone 

generation rate of 0.83mg/s The direct and indirect 

reaction of ozonation process was dominant during the 

separation of MO process.  

   It was found also when generation rate of ozone 

increases, the concentration of dissolved ozone in the 

aqueous phase increased,which in turn improved MO 

oxidation rate. Complete mineralization was achieved at 

pH value of 5.6 and ozonation rate of 0.83 mg/s. Also, the 

oxidation of MO with ozone followed pseudo first-order 

kinetics which means that increasing the concentration of 

MO negatively affect its removal efficiency of the liquid 

solution. 

 

Abbreviation 

 

MO: Methylene orange 

OMBs: ozone micro bubbles 
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دراسة تأثير استخدام فقاعات الاوزون الصغيرة في معالجة المياه الملوثة بصبغة المثيلين 

 البرتقالي
 

2و ندى نعوم عبدالرزاق 1احمد عبد محمد, 1علا عبد الكاظم نشمي  
 

 جامعة بغداد/ كلية الهندسة / قسم هندسة البيئة1
 جامعة بغداد/ كلية الهندسة / قسم الهندسة الكيمياوية2

 
 لاصةالخ
 

يبحث هذا العمل في إزالة صبغة الميثيلين البرتقالي من الماء باستخدام فقاعات الأوزون الصغيرة. تم إجراء    
تجارب في ظل ظروف تفاعل مختلفة لفحص آثار التركيز الأولي لصبغة المثيلين البرتقالي ، ودرجة الحموضة 

برتقالي بشكل فعال بواسطة فقاعات الأوزون. أظهرت في الوسط ومعدل توليد الأوزون. تمت إزالة المثيلين ال
النتائج أن إزالة بواسطة فقاعات الأوزون كانت عالية جدًا في الوسط الحمضي والقلوي وعند زيادة معدل توليد 

 15٪ خلال 100إلى  75ملغم / ثانية ، زادت كفاءة الإزالة بشكل كبير من  0.83إلى  0.498الأوزون من 
ل تفاعل الأكسدة نموذجًا حركيًا من الدرجة الأولى. أظهرت النتائج أن فقاعات الأوزون تكون دقيقة. يتبع معد

 فعالة من حيث انخفاض تركيز الصبغة وازالتها الكلية.
 

 المثيلين البرتقالي, فقاعات الاوزون الصغيرة, معدل تولد الاوزون, كفاءة الازالة الكلمات الدالة:
 

 

 

 

 

 

 

 

 

 

 

 

 


