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Abstract: Pollutants resulting from industrial wastewater significantly threaten environmental 

health. Purification of wastewater, especially from the synthetic dye industry, is of great 

importance for the protection of aquatic systems. Advanced oxidation processes (AOPs), which 

are among the methods used in wastewater treatment in recent years, provide effective 

degradation of persistent organic pollutants with the help of radical species produced from 

oxidants used in the experimental environment.  

 

In this study, the removal of synthetically prepared reactive yellow 145 (RY145) dye solution 

by the sonocatalytic method, one of the AOPs, in the presence of (Mn0.37Fe0.63)2O3 catalyst and 

using persulfate as oxidant was examined. Characterization of the (Mn0.37Fe0.63)2O3 catalyst 

synthesized by the sol-gel method was carried out by XRD, SEM and EDS techniques. While 

persulfate concentration (5-10 mM), time (2-5 h) and catalyst dosage (0.25-0.75 g L-1) were 

determined as experimental parameters for the oxidation of RY145 dye, Box-Behnken design 

was preferred for modeling the experimental study. In experimental studies, the maximum 

%TOC removal was calculated as 92.98% after 5 h at 10 mM PS and 0.75 g L-1 catalyst dosage. 

 

 

Reaktif Sarı 145 Boyasının Sulu Çözeltisinin Persülfat Destekli Sonokatalitik Proses ile 

Degradasyonu 
 

 

Anahtar 

Kelimeler 

Atık su arıtımı, 

Sonokatalitik 

proses, 

 Box-Behnken 

Tasarımı, 

Azo boyar 

maddeler 

Öz: Endüstriyel atık sulardan kaynaklanan kirleticiler çevre sağlığını önemli ölçüde tehdit 

etmektedir. Özellikle boya endüstrisinden kaynaklanan atık suların arıtılması, sucul sistemlerin 

korunması açısından büyük önem taşımaktadır. Atıksu arıtımında son yıllarda kullanılan 

yöntemler arasında yer alan ileri oksidasyon prosesleri (AOP'ler), deney ortamında kullanılan 

oksidanlardan üretilen radikal türler yardımıyla kalıcı organik kirleticilerin etkin bir şekilde 

parçalanmasını sağlamaktadır. 

 

Bu çalışmada, reaktif sarı 145 (RY145) boyası içeren sentetik olarak hazırlanmış atık suyun, 

(Mn0.37Fe0.63)2O3 katalizörü varlığında ve oksidant olarak persülfat kullanılarak AOP 

tekniklerinden biri olan sonokatalitik yöntemle giderimi incelenmiştir. Sol-jel yöntemiyle 

sentezlenen (Mn0.37Fe0.63)2O3 katalizörünün kararakterizasyonu XRD, SEM ve EDS 

teknikleriyle gerçekleştirilmiştir. RY145 boyasının oksidasyonunda deneysel parametreler 

olarak persülfat konsantrasyonu (5-10 mM), süre (2-5 saat) ve katalizör dozajı (0,25-0,75 g L-1) 

belirlenirken, deneysel çalışmanın modellenmesinde Box-Behnken tasarımı tercih edilmiştir. 

Deneysel çalışmalarda 10 mM PS ve 0,75 g L-1 katalizör dozajında 5 saat sonra maksimum 

%TOC giderimi %92,98 olarak hesaplanmıştır. 

 

1. INTRODUCTION 

 

In parallel with the development of industry, it has 

become necessary to develop methods for the effective 

treatment of toxic compounds that cause environmental 

pollution without being released into natural water cycles 

[1]. Various synthetic dyes used in textile factories may 

cause changes in the oxygen content and temperature of 
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the water as a result of mixing with water, as well as 

causing a significant environmental hazard due to toxic 

species released as a result of hydrolysis, oxidation and/or 

other bio-chemical reactions of these dyes [2-4]. 

Therefore, effective methods must be applied to remove 

dyes from the aquatic environment. The processes applied 

to remove azo dyes from aqueous solutions are divided 

into three parts. These are respectively (i) physical; (ii) 

biological and (iii) chemical methods. Physical methods 

are generally based on the mass transfer mechanism or 

simple separation of dyes from aqueous solutions. 

Biological techniques require the use of microorganisms 

in the degradation process of azo dyes. In chemical 

methods, azo dyes are converted into degradation 

products by using various chemicals and theories. 

Physical methods are mainly classified as adsorption, 

filtration, ion exchange, coagulation, sedimentation and 

membrane separation. Chemical methods are generally 

grouped under Advanced oxidation techniques. Advanced 

oxidation techniques include many techniques such as 

Fenton and Fenton-based methods, Electro-oxidation, 

Ozonation, sonolysis, photolysis, and photocatalysis [5]. 

 

Reactive dyes included in synthetic textile dyes can be 

covalently bonded to the fiber structure thanks to the 

sulfonic group in their molecules and are highly water-

soluble structures [3,6]. Another classification for 

synthetic dyes is azo dyes. Azo dyes have azo groups (-

N=N-) in a complex aromatic structure. The deep color of 

these dyes is due to the azo group, and the color may 

disappear with the degradation of this group [7-9]. 

Reactive yellow 145 (RY145) dye, which contains azo 

group and monochlorotriazine, is generally used in cotton 

dyeing [6,10] and various physical and chemical 

techniques have been used to remove this dye from 

wastewater. To adsorption-based removal of RY145, 

various adsorbents such as watermelon seeds [6], KOH-

activated biochar [11], eggshell waste [12], soybean hull 

[13], MnOx-CeO2 [6], zero-valent iron/(Fe–Mn) binary 

oxide/bentonite nanocomposite [14] have been used 

previous studies. Although the adsorption method is low-

cost and simple operation, it cannot completely eliminate 

the pollutant. Recently, advanced oxidation methods 

based on reactive oxygen species (ROS) formation, 

especially hydroxyl radical (•OH), have been used in the 

oxidation of refractory organic pollutants that cannot be 

completely removed in biological treatment, such as 

textile dyestuffs [15]. In previous studies, Ni3O4-

Co3O4/Al2O3 [8], Co-Fe BTC/graphitic carbon nitride 

[16], nano CuO [17], nano-TiO2 [18], Al2O3/ZrO2 [19], 

Co1-xZnxFe2O4 nanodot coated with polyaniline [20], α-

Fe2O3@C@SiO2/TiO2 [21] nanocomposite etc. 

photocatalysts were developed for the oxidation of the 

synthetic aqueous solution of RY145 dye and their 

effectiveness in photocatalytic oxidation was examined. 

In recent years, applications of sulfate radical-based 

processes have attracted attention. Sulfate radical (SO4
•−) 

formation is produced as a result of thermal, UV and metal 

ions (metal oxides) supported activations for the 

homolytic breaking of the peroxide (0-0) bond of 

persulfate (PS) and peroxymonosulfate (PMS) structures. 

Since hydroxyl (•OH, Eo=2.80 V vs SCE), and sulfate 

radicals (SO4
•−, Eo= 2.5-3.1 V vs SCE) have very high 

oxidation potential, they react with organic pollutants 

non-selectively and at very high rates [22]. 

 

Sonochemical degradation (sonolysis) is used in support 

of other AOPs as well as being used alone. Applications 

based on sonolysis include sonocatalysis [23], 

sono/Fenton [24], sonication-ozonation [25], 

sonophotocatalysis [26], sonoelectrochemical oxidation 

[27] processes. Acoustic cavitation occurs due to 

compression and rarefaction cycles caused by ultrasonic 

emissions during sonolysis. The positive pressure caused 

by a large number of cavitation bubbles causes local high 

temperatures (5000 K) and high pressures (500 atm) in the 

solution, like a microreactor. Among the ROS formed in 

these local regions, there are also significant amounts of 

hydroxyl radicals [28-30]. Although, the most important 

disadvantages of the sonolysis process seem to be 

relatively long process time and energy consumption, the 

use of different catalysts and oxidants that have emerged 

recently are effective in solving these problems [31]. 

 

Bixbyite (Fe,Mn)2O3 and hematite (Fe2-xMnxO3), which 

are manganese iron oxide structures, are stable phases at 

low temperatures, whereas the spinel phase (Fe,Mn)3O4 

shows stability at higher temperatures [32]. It is also 

possible to obtain mixtures of these phase types at 

intermediate temperatures [33,34]. There may be different 

Mn/Fe molar ratios in the bixbyite structure depending on 

the synthesis conditions. The bixbyite-manganese iron 

oxide structure has been mostly studied as an oxygen 

storage material. Manganese iron oxide structures in 

bixbyite phase are mechanically durable and inexpensive 

oxygen-carrier materials that are suitable for chemical -

looping with oxygen uncoupling (CLOU) in the air 

reactor [33]. These types of storage materials undergo a 

reversible redox reaction with oxygen. 

 

In this study, persulfate-assisted sonocatalytic oxidation 

of RY145 dye using manganese iron oxide 

(Mn0.37Fe0.63)2O3 catalyst was examined. The effects of 

persulfate concentration, time and catalyst dosage on the 

oxidation of RY145 dye were examined using the 

response surface method and Box-Behnken design 

(BBD), and the optimum conditions were determined. 

 

2. MATERIAL AND METHOD 

 

2.1. Materials 

 

Reactive yellow 145 (RY145) was supplied from EKSOY 

Company (Adana, Türkiye) (Table 1). Potassium 

persulfate (K2S2O8), citric acid (C6H8O7), 

Mn(NO3)24H2O, and Fe(NO3)39H2O were purchased 

from Merck. 
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Table 1. Structure and properties of RY145 dye [35]. 

Properties of RY145 

Structure 

 
Molecular 

Formula 

C28H20ClN9Na4O16S5 

Molecular 

Weight 

1026.25 g mol-1 

CAS 

Registry 

Number 

93050-80-7 

Water 
solubility 

80 g L-1 

 

2.2. Method 

 

2.2.1. Synthesis of catalyst 

 

In the synthesis of manganeseIII-ironIII oxide 

((Mn0.37Fe0.63)2O3) structures, the sol-gel method was 

used to prepare Fe:Mn molar ratios of 1.7:1. Briefly, metal 

salts containing 0.17 mol Fe3+ and 0.1 mol Mn2+ were 

mixed in deionized pure water until completely dissolved. 

To this homogeneous mixture, 0.27 mol citric acid 

solution was added dropwise so that the metal ions: citric 

acid molar ratio was 1:1. It was waited in the magnetic 

stirrer at 70 °C until the gel formed, and then it was placed 

in a porcelain crucible and calcined at 700 °C for 5 h. 

 

2.2.2. Sonocatalytic oxidation 

 

The sonocatalytic experiments were carried out in capped 

pyrex glass bottles with a capacity of 150 mL. Catalyst 

and persulfate were added to 100 mL of 50 mg L-1 RY145 

solution and placed in an ultrasonic bath (Bandelin 

Sonorex, 84 W, 40 kHz). The temperature was kept 

constant at 30 °C by water circulation.  

 

2.2.3. Experimental design 

 

Box-Behnken design was used for the optimization study 

in the sonocatalytic oxidation of RY145 dyestuff. The 

most commonly used BBD for second order models in the 

surface method is a 3-level (-1, 0, +1) design. While 

persulfate (PS) concentration (X1), time (X2), and catalyst 

dosage (X3) were selected as independent variables, TOC 

removal was followed as the dependent variable, that is 

the response (Y). The lowest (-1) and highest level (+1) 

ranges for the three independent variables were selected 

as 5-10 mM PS, 2-5 h, and 0.25-0.75 g L-1 

(Mn0.37Fe0.63)2O3 catalyst (Table 2). The BBD with 3 

independent variables (k) was created as a matrix of 17 

runs (N) based on the N=2k  (k-1) + C0 formula (where 

C0 is the number of central points) by the Design-Expert 

11 program. The equation of quadratic equation showing 

the correlation between the independent variables and the 

response is as follows (Equation (1)). 

 

𝑌 = 𝛽0 + ∑ 𝛽𝑖𝑋𝑖

𝑘

𝑖=1

+ ∑ 𝛽𝑖𝑖

𝑘

𝑖=1

𝑋𝑖
2 + ∑ ∑ 𝛽𝑖𝑗𝑋𝑖𝑋𝑗

𝑗𝑖

+ 𝜀 

 

(1) 
 

where, Xi and Xj point out the independent variables, ε 

represents the random error, βo, βi, βii and βij are the 

constant coefficient, the linear coefficient, the quadratic 

coefficient and the interaction coefficient, respectively. 

 

2.2.4. Determination of total organic carbon content 

 

Total organic carbon (TOC) contents of the samples taken 

were determined using the Merck TOC cell test. After the 

samples were heated at 120 °C for 2 h and were left for 1 

h to cool. Afterwards, TOC content was measured with a 

Spectroquant NOVA 30 model photometer (Merck). 

 

2.2.5. Characterization of catalyst 

 

Crystal structure analysis of manganese iron oxide was 

performed by X-Ray powder Diffractometry (XRD, 

Rigaku SmartLab model) using Cu-Kα1,2 radiation at 40 

kV from 20° to 70° at the scan rate of 2°/min. Field 

Emission Scanning Electron Microscopy (Fe-SEM, Zeiss 

Supra 55) was used to determine the morphology of the 

catalyst using Pt coating. Also, surface element 

distribution was examined with the Energy Dispersive 

Spectrometry (SEM-EDS) system. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Characterization of Manganese Iron Oxide 

 

The SEM images of the (Mn0.37Fe0.63)2O3 catalyst is given 

in Figure 1a, b. It is similar to the literature in terms of 

morphological structure [34]. Moreover, the elemental 

composition and atomic distribution of the manganese 

iron oxide catalyst are depicted in the EDS spectrum in 

Figure 1c. 

 

According to the XRD pattern given in Figure 1d, the 

presence of specific diffraction peaks (ICDD PDF-2, 01-

071-0637) belonging to the cubic bixbyite ((Mn,Fe)2O3) 

manganese iron oxide structure is seen due to, as well as 

the diffraction peaks of the hematite phase as an impurity 

[33]. Herein, XRD pattern supports bixbyite 

((Mn0.37Fe0.63)2O3) structure with 37% Mn and 63% Fe 

molar fraction. The lattice parameter of the synthesized 

magnesium iron oxide structure corresponds to a = b= c = 

9.41Å and α = β = γ = 90°, and the formation of a strong 

cubic lattice structure is observed. 
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Figure 1. SEM images (a, b), EDS spectrum (c), and XRD pattern of catalyst (d).  

 

3.2. Persulfate Assisted Sonocatalytic Oxidation of 

RY145 

 

The effects of sonolysis (US), persulfate-assisted 

sonolysis (US/PS), sonocatalysis (US/Catalyst), and 

persulfate-assisted sonocatalysis (US/PS/Catalyst) 

processes on the oxidation of RY145 dye solution were 

monitored by the decrease in TOC content. While it was 

observed that sonolysis alone and PS-assisted sonolysis 

methods were not effective on TOC removal, 18% and 

58% TOC removal was achieved with sonocatalytic and 

PS-assisted sonocatalytic methods, respectively. The 

combination of sonolysis with other systems creates a 

synergistic effect for radical formation and oxidation of 

organic pollutants. In sonolysis applications, especially 

magnetic catalysts can be distributed more 

homogeneously in the solution, thus increasing the 

effective surface area. 
 

Figure 2. TOC removal of RY145 solution at different processes 

(Catalyst: 0.25 g L-1, PS: 5 mM, t= 3.5 h). 
 

In order for the sulfate radical to form through heat 

activation, the temperature must be between 40-120 °C, 

because to break of peroxide (0-0) bond requires 140 - 

213.3 kj mol-1 a thermal activation energy [36]. Whereas, 

persulfate activation is carried out with transition metal 

ions and the formation of sulfate radical is achieved by 

Equations (2-4) at moderate temperatures [37].  

 

Mn(III) + S2O8
2- → Mn(IV) + SO4

•−+ SO4
•− (2) 

 

Fe(III) + S2O8
2- → Fe(II) + S2O8

•−   (3) 

 

Fe(II) + S2O8
2- → Fe(III) + SO4

•− + SO4
2- (4) 

Herein, the higher standard redox potential of Fe3+/Fe2+ 

(E° = 0.77 V vs SHE) allows for the oxidation of Mn3+ to 

Mn4+ (E° = 0.15 V) as giving Equation (5) and results in 

facilitating the cyclic of redox pair of Mn4+/Mn3+ [38]. 

Fe(III) + Mn(III) → Fe(II) + Mn(IV) (5) 

 

At all pH values, the formation of hydroxyl radicals may 

occur as a result of the reaction of the sulfate radical with 

water due to Equation (6) [39]. For this reason, it would 

be more accurate to accept the presence of both hydroxyl 

and sulfate radicals in the bulk solution. 

 

SO4
•− + H2O → •OH  + H+ + SO4

2-  (6) 

 

The effects of persulfate, catalyst concentration and time 

on the sonocatalytic oxidation of RY145 solution at close 

to room temperature were examined using the Box-

Behnken design, the experimental matrix and results are 

given in Table 2.  
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Table 2. BBD matrix for RY145 oxidation. 

Run no 

X1 X2 X3 TOC 

Removal 

(%)   PS (mM) Time (h) Catalyst (g L-1) 

1 5 (-1) 5 (+1) 0.50 (0) 76.82 

2 15 (+1) 3.5 (0) 0.25 (-1) 66.23 

3 5 (-1) 3.5 (0) 0.75 (+1) 73.72 

4 15 (+1) 3.5 (0) 0.75 (+1) 81.25 

5 10 (0) 2 (-1) 0.25 (-1) 59.33 

6 10 (0) 3.5 (0) 0.50 (0) 82.12 

7 5 (-1) 2 (-1) 0.50 (0) 51.82 

8 10 (0) 3.5 (0) 0.50 (0) 84.28 

9 10 (0) 5 (+1) 0.75 (+1) 92.98 

10 10 (0) 3.5 (0) 0.50 (0) 79.02 

11 10 (0) 2 (-1) 0.75 (+1) 70.33 

12 10 (0) 3.5 (0) 0.50 (0) 85.36 

13 5 (-1) 3.5 (0) 0.25 (-1) 58.54 

14 10 (0) 5 (+1) 0.25 (-1) 81.62 

15 15 (+1) 2 (-1) 0.50 (0) 62.61 

16 10 (0) 3.5 (0) 0.50 (0) 82.26 

17 15 (+1) 5 (+1) 0.50 (0) 88.21 

 

In ANOVA, the F-value (40.69) and p-value (<0.0001) of 

the proposed quadratic model (Table 3) for the 

sonocatalytic oxidation of RY145 dye solution shows an 

excellent fit to the experimental results. The compatibility 

of the model with the experimental results was also 

supported by the correlation coefficient values, R2 and 

adjusted R2, these values are 0.9812 and 0. 9571, 

respectively. In the proposed quadratic model, the most 

effective terms according to their p-values (<0.05) are the 

linear (X1, X2, X3) and quadratic (X1², X2², X3²) terms of the 

three independent variables. In contrast, the interactive 

effects of the independent variables do not have a 

significant effect on the TOC removal efficiency. When 

the polyfunctional Equation (7) of the quadratic model is 

examined, when linear terms have a positive effect, 

quadratic terms have a negative effect on the response. In 

other words, as all three independent variables increase up 

to a certain level, they have a positive effect on the 

response, but after the optimum point, their effect 

decreases or becomes constant (Figure 3). 

 
Table 3. ANOVA results of BBD for sonocatalytic oxidation of RY145 

Source 
Sum of 

Squares 
df 

Mean 

Square 

F  

value 
P value  

Model 2163.18 9 240.35 40.69 < 0.0001 significant 

X1-PS (mM) 174.85 1 174.85 29.60 0.0010  

X2-time (h) 1140.99 1 1140.99 193.18 < 0.0001  

X3-Catalyst  
(g L-1) 

345.32 1 345.32 58.47 0.0001  

X1X2 0.0900 1 0.0900 0.0152 0.9052  

X1X3 0.0064 1 0.0064 0.0011 0.9747  

X2X3 0.0324 1 0.0324 0.0055 0.9430  

X1² 374.94 1 374.94 63.48 < 0.0001  

X2² 46.03 1 46.03 7.79 0.0268  

X3² 44.10 1 44.10 7.47 0.0292  

Residual 41.34 7 5.91    

Lack of Fit 17.74 3 5.91 1.00 0.4781 
not 
significant 

Pure Error 23.60 4 5.90    

Cor Total 2204.53 16     

 

𝑇𝑂𝐶 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 (%) = 82.61 + 4.67𝑋1 +
11.94𝑋2 + 6.57𝑋3 +0.15𝑋1𝑋2 − 0.04𝑋1𝑋3  
+0.09𝑋2𝑋3 − 9.44𝑋1

2 − 3.31𝑋2
2 − 3.24 𝑋3

2 

 

 

(7) 

 

Figure 3 shows the interactive effects of PS concentration, 

catalyst dosage, and process time, which are effective in 

the PS-assisted sonocatalytic oxidation of RY145 dye, 

when a variable is kept constant. When Figure 3a is 

examined, it is seen that the processing time is an 

important parameter, and an effective TOC removal 

efficiency can be achieved especially after 4 h. A 

significant increase in TOC removal was observed when 

the PS oxidant concentration was increased up to 11 mM, 

but the efficiency started to decrease as it increased above 

11 mM.  When the PS concentration was 5 mM, TOC 

removal enhanced to 79%, whereas the PS concentration 

was increased to 11 and 15 mM the efficiency was 

observed as 94% and 89%, respectively. The reason for 

this result is that excess PS in the medium acts as a radical 

scavenger and consumes the radicals created during the 

process via Equations (8) and (9) [40]. 

 

S2O8
2- + SO4

•−→ SO4
2- + S2O8

•− k= 1.2106 M-1s-1 (8) 

 

S2O8
2- + •OH → OH- + S2O8

•−  k=1.4  107 M-1s-1 (9) 

In case the effect of catalyst dosage on TOC removal was 

examined in Figures 3b and 3c, 82% TOC removal was 

achieved with 0.25 g L-1catalyst at 5 h and 11 mM PS. 

Increasing the catalyst dosage to 0.6 g L-1increased TOC 

removal to 94% as it provided more active surfaces 

involved in radical formation. Keeping the catalyst dosage 

at 0.75 g L-1and determining TOC removal as 95% under 

the same conditions showed that there was no need to 

increase the catalyst dosage further. 
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Figure 3. The effect of time and PS concentration (a), catalyst dosage and PS concentration (b), and catalyst dosage and time on TOC removal efficiency 

(pH 5.5).  
 

According to the response surface method, the optimum 

conditions to achieve 95% TOC removal were determined 

as follows: 11 mM PS, 5 h process time, and 0.7 g L-1 

catalyst dosage. After the magnetic catalyst was collected 

with an external magnet and washed with ethanol and 

water, its reuse was tested for five runs, and 95% TOC 

removal was achieved in each cycle. 

 

Mohammad et al. [8], reported that the color removal of 

50 mg L-1 RY145 aqueous solution was completed in 60 

min at pH 3 with a catalyst dosage of 0.1 g L-1 with the 

Ni3O4-Co3O4/Al2O3 photocatalyst.  Nguyen et al. [17], 

achieved 99% color removal and 46% TOC removal for 

50 mg/L of RY145 in 45 min by using bimetallic Co-Fe 

BTC/graphitic carbon nitride nanocomposite 

photocatalyst. Vu et al. [41], achieved 98% color removal 

of RY145 (100 mg L-1) as a result of 60-min potocatalysis 

using the e-BTC/Graphene oxide (GO)-30 composite 

synthesized by microwave-assisted hydrothermal method. 

In the another study where Ag-Zn-BTC/GO composite 

was used as the photocatalyst, COD, BOD and TOC 

removals were reported as 80.06%, 81.66% and 56.13%, 

respectively, as a result of photocatalytic oxidation of 65 

mg L-1 RY145 aqueous solution for 35 min [42]. When 

the previous studies are examined, it can be seen that more 

emphasis is placed on color removal. In this study, 100% 

color removal as well as 95% TOC removal for RY145 

dye was achieved using the PS-assisted sonocatalytic 

method at 5 h. 

 

4. CONCLUSION 

 

In the study, experimental modeling was made with the 

Box-Behnken design, persulfate was used as the oxidant 

and (Mn0.37Fe0.63)2O3 was used as the catalyst in the 

sonocatalytic degradation process of RY145 dye. The 

maximum TOC removal value during experimental 

studies was 92.98%. However, according to the second-

order model obtained with the Box-Behnken design, the 

optimum conditions were determined as 11 mM PS, 5 h 

of processing time and 0.7 g L-1 catalyst dosage, and the 

TOC removal value to be obtained under these conditions 

was calculated as 95%. It has been determined that 

(Mn0.37Fe0.63)2O3 used as a catalyst can be easily separated 

from the experimental environment due to its magnetic 

properties and maintains its catalytic activity even when 

reused 5 times. The obtained ANOVA datas such as F-

value, R2 and Adj-R2 of the applied quadratic model prove 

the high compatibility of the obtained results with each 

other. The quadratic equation obtained for the removal of 

RY145 dye in the study can be used as preliminary data 

in determining experimental conditions for similar studies 
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to be carried out in this field. Considering the whole study, 

it has been shown that AOPs techniques, whose 

effectiveness has been demonstrated in many studies, can  

be applied in perfect harmony with experimental 

modeling methods. 
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