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Abstract 

The use of ultrasound was found to be a very suitable and effective method for the degradation 

of hazardous dyestuffs. The degradation of dye molecules in aqueous media in the presence of 

various additives by ultrasonic irradiation was investigated in order to clarify the degradation 

mechanism. In this investigation, Methylene Blue (MB) have been used as a representative of 

azo dye and inorganic salts like NaCl and Na2SO4 is used asadditives where 10mg is taken from 

both of them in per litre of CCl4 and 20mg for H2O2 solutions respectively. The volume of all 

solutions was 100ml containing 25mg/L of MB. ZnO nanoparticle is also used for the 

investigation of degradation. The sonication of dye molecules were conducted for 0, 5, 15, 25 

minutes. From the experiments it is clear that the acidic condition is favorable for dye 

degradation. Evaluating the results we have also found that all additives aided the degradation 

comparatively higher or lower the extent depending on their used amount in solution. The 

degradation mechanism was discussed in details adopting UV-visspectra. So, it is a clear 

indication that azo dyes from waste water can be efficiently removed by using sonochemical 

irradiation methodunder acidic condition.  
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1. Introduction:Organic dyes are utilized in many different industries, including optical data 

discs,food, cosmetics, pharmaceuticals, solar cells, and traditional textile manufacturing. For 

instance, MB is a significant synthetic dye that is utilized inwater testing, sulfide analysis, 

medicine, andbiology [1]. It also serves as a peroxide generator and aredox indicator. However, 
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they generally disrupt ecosystems and are poisonous, mutagenic, and carcinogenic to aquatic and 

human life [2-4]. It is necessary to create the technology for eliminating organic dyes from 

water. To get rid of these chemicals, numerous techniques including chemical, physical, and 

biological ones have been devised [4-6]. The potential for completely mineralizing organic 

pollutants to CO2 and H2O has made advanced oxidation processes (AOPs) a hot topic of 

attention. In AOPs for wastewater treatment, ultrasonography has recently been employed [7-9]. 

The pyrolysis reactions that occur at and inside hot regions during collapsing bubbles and the 

radical reactions by OH and H radicals [10] that are generated by the pyrolysis of water are the 

two fundamental principles of sonochemical reactions. 

H2O→ •H + •OH (1) 

Numerous studies have investigated the sonochemical degradation of phenolic compounds and 

dyes[4,11–17]. The creation of efficient additives to speed up the decomposition of organic 

molecules has been the focus of intensive research. Recent studies [17–19] have looked into how 

adding CCl4 or C6F14 affects sonochemical degradation. Although CCl4is one of the dangerous 

chemicals and is therefore highly regulated in usage, it is a valuable additive to speed up the 

sonochemical breakdown of the target organic molecules. According to Sponza et al. [18], the 

presence of 19 mg L-1C6F14 increased the elimination rates of phenol in the wastewater from the 

olive mill.Zeng et al. [19] reported that the sonochemical degradation of phenol increased from 

0.014 to 0.031 min
-1

 or from 0.014 to 0.032 min
-1

, respectively, in the presence of 150 M CCl4 or 

1.5 M C6F14. According to studies [18,19], the action of CCl4 or C6F14 as a H atom scavenger is 

what causes these beneficial effects. Additionally, it has been noted that the use of certain 

chemicals can influence how quickly colours degrade [20-22].On the other hand, metal oxide 

semiconductors have received much research into their potential as photocatalysts to purge water 
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and air of organic contaminants [23-26]. The active sites of electron-hole pairs are produced 

when the metal oxides are activated by the right amount of photon energy, and this increases the 

catalytic activity on the metal oxide surfaces. [27]. Due to its excellent stability and relatively 

straightforward preparation process, TiO2 is regarded as the oldest, most prevalent, and optimal 

material among these metal oxides [28-31]. Zinc oxide (ZnO), a metal oxide with an exciton 

binding energy of 60 m eV and a rather broad band gap of 3.37 eV, has been extensively studied 

as a photocatalyst for the degradation of various organic pollutants. Moreover, ZnO 

nanostructures are preferred over TiO2 as photocatalyst alternatives for photodegradation due to 

their more favorable solar spectrum absorption, affordability, and nontoxicity [32]. In numerous 

studies, ZnO nanostructures demonstrated significant photocatalytic activity for the removal of 

organic pollutants, such as organic dyes [33]. As a result, we looked at how CCl4, H2O2,NaCl, 

Na2SO4, and ZnO nanoparticles affected the sonochemical degradation of MB in this study. 

Additionally, we have researched several parameters such aqueous temperatures, additive 

concentrations (CCl4, H2O2,NaCl, Na2SO4, and ZnO nanoparticle) to optimize the sonochemical 

breakdown rate of MB in water. 

 

2. Experimental 

2.1 Materials and equiments: Methylene Blue (C16H18ClN3S), Merck Life Science Private 

Limited, Godraj One, 8
th

 Floor, pirojshanagar, Eastern Express highway, Vadhroli East, 

Mumbai-400079, Sodium Chloride (NaCl), RANBAXY Fine chemicals Limited A-3, Okhla 

industrial area, phase-l, New Delhi-l10020 (ISO 9001: 2000 certified company), Sodium 

sulphate (Na2SO4), Merck Specialities Private Limited, Shiv Sagor Estate `A` DrAnnic Besant 

Road, Worli, Mumbai-400018, Hydrogen peroxide (H2O2), Merck KGaA, 64271 Darmstadt, 

Germany, Carbon tetrachloride (CCI4), Merck, D-6100 Darmstadt, FR. Germany. 



 

 

 

Fig. 1:Sonicatorbath used in sonochemical degradation. 

 

2. 2 Preparation of Solutions 

25 mg/l solutions of MB were prepared. In 100 ml of distilled water, solutions of the inorganic 

salts NaCl and Na2SO4 were produced using 36 and 13.9 grams of each salt, respectively, 

according to their greatest saturation points. One liter of distilled water has been mixed with 1.02 

mg and 2.04 milligrams of H2O2, respectively, to create 10 mg/l and 20 mg/l H2O2 solutions. 

Using a tiny syringe, the 200, 400, and 600µM/L CCl4 is adjusted. Dyestuffs in water can absorb 

and reflect light, decreasing the transparency of the water naturally. Normally, dye effluent 

includes between 10 and 50 mg/L, though 1.0 mg/L dye solutions are visible and might be 

considered as contaminants and objectionable [34, 35]. 



 

 

 

Fig. 2:Prepared methylene blue solution 

 

3. Results and Discussion 

 

3.1Sonochemical Degradation of MB under various pH 

Based on the first-order kinetics model function, exponential curves are represented in the figure 

as solid curves. 

x= ae
−kt

……………. (1) 

Where, the constant ‘a’ isprimary concentration of MB, 25mg/l,kis a fitting parameter need to be 

optimized and t is the degradation time. The degradation rates of MB without additives using 

sonochemical irradiation processes in different conditions are shown and discussed below.NaOH 

and H2SO4 Solutions have been used to maintain the pH of the solution.   

 

Comment [L9]: Need to add in table and 
numbered 



 

 

 

 

Fig. 3: Sonochemical degradation of pure MB at different time for various pH. 

 

Figure-3 shows the degradation rate of MB in acidic condition of pH: 3 is higher than that of the 

neutral, i.e. pH: 7 and basic condition, viz. pH: 8.With additives where the acidic condition is 

maintained in the sonochemical degradation, there is a high possibility of an increased of 

degradation rate of MB. 

 

 

3.2. Effect CCl4on sonolyticdegradation of MB 

We examined the effect of CCl4 at 200, 400, and 600 µM/L concentrations on the sonochemical 

degradation of MB. The result is represented in Fig. 4. 
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Fig. 4: Effect of CCl4on the degradation of MB 

In presence of CCl4, the rate of MB degradation rose initially and increased highly when 400 µM 

CCl4 was present. In the presence of 600μM/L CCl4, the rate is also greatly increased; however, 

at 200μM/L, the rate of degradation first sharply declines before increasing with increasing 

sonication time, with the exception at 25 minutes. Our findings indicate that active Cl radicals or 

related species are produced during the sonolysis of CCl4, and that these radicals or species 

would be useful for the breakdown of MB, despite some researchers' reports that CCl4 could 

operate as a H atom scavenger [19]. According to earlier research [17, 36–39], the following 

responses ought to occur: 

 

•Cl+ •Cl→ Cl2(6) 
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The radicals that develop containing chlorine (Cl, CCl3, CCl2), Cl2, etc., may accelerate the 

degradation of MB in an aqueous solution. According to Merouani et al. [13], the presence of 

200 mg L
-1

 of CCl4 enhanced the sonochemical degradation rate of rhodamine B at 300 kHz by 

21 times. According to Okitsu et al. [31], the addition of 100 ppm CCl4 enhanced the 

sonochemical breakdown rate of MO at 200 kHz by 41 times. The efficiency of CCl4for MB 

degradationwe have found in this study agrees with these results. From the above viewpoints, 

though CCl4has high toxicity [40] it can be used as an additive. 

3.3 Effect of H2O2 on the rate of degradation of MB 

From the Fig. 5, it is evident that for 10 mg/L H2O2 solution, the decomposition rate increases in 

presence of H2O2. It is clear from the data that the amount 20 and200 µL increased the rate of 

deterioration in comparison to pure MB but in presence of 100 µL the degradation rate 

decreased. Fig. 5demonstrates the graphical representation of the degradation of MB in presence 

of 20 mg/L H2O2 solution. Here, it is noticeable from Fig 5 that lowest amount 20 µL and 200 

µL of 20 mg/L H2O2 solution added to the MB solution shows the highest degradation rate as 

compared with the amount 100 µLof that H2O2 solution. H2O2 reaction mechanism for dye 

discoloration has been explained from the formation of free radicals as active species. 

H2O2 → •OH + •OH         (7) 

Research has indicated that the US/UV/H2O2 approach is the most effective in degrading 

malachite green because it uses ultrasound to facilitate H2O2 scission in addition to photolysis 

[41]. Another recent study demonstrated that the impact of adding hydrogen peroxide was 

examined by varying its concentration to 0.05, 0.10, and 0.15 M. The treatment with 0.10 M 

H2O2 and 45 W was successful and energetically feasible, resulting in a 62.9% absorbance 

removal for the water assessed [42]. The amount of dissolved gas dropped and the amount of 

water vapor in the bubbles increased as the temperature of the aqueous solution rise [43], which 

led to a lower rate of OH radical production. As a result, when solution temperatures raise the 

rates of MB degradation decreased. The sonolysis of 4-chlorophenol in aqueous solution at 20 

and 500 kHz as a function of solution temperature was reported by Jiang et al. [43]. They found 



 

 

that, in the 10–40 ◦C range, the rates of H2O2 production and 4-chlorophenol degradation 

increased with the rising of solution temperatures at 500 kHz but reduced with rising solution 

temperatures at 20 kHz. The sonolysis of bisphenol A in aqueous solution as a function of 

solution temperatures at 489 kHz was reported by Uddin et al. [44]. The outcome shown that as 

the temperature of the aqueous solution increased, the rates of degradation increased within the 

range of 10–40 ◦C.When compared to earlier studies, it is evident that a variety of applications 

for hydrogen peroxide (H2O2) have been developed in the field of water treatment due to its 

relative safety and ease of use. 

 

 

Fig. 5a: Effect of H2O2(10mg) on the degradation of MB 
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Fig. 5b: Effect of H2O2(20mg) on the degradation of MB 

3. 4Effect of NaCl and Na2SO4 on the degradation of MB:NaCl and Na2SO4 were added in 

amounts of 10ml each to the MB solution in order to find the effects of the addition of inorganic 

salts on dye degradation.Figure 6 and Figure 7 shows the experimental result. It is seen in the 

figure, the addition of Na2SO4 improved the degradation of MB, but the addition of NaCl caused 

it to decrease. Previous studies have shown that various synthetic dye solutions with a number of 

mixtures of Na2SO4 and NaCl, Na2SO4 influenced the decolourization efficiency more modestly 

than NaCl. Higher concentration of Na2SO4did not hinder the decolorization process and even 

improved the effectiveness of reactive intense red K-2BP in dye solutions with the similar salt or 

Na
+
 concentration [45]. Additionally, the deterioration rate accelerated due to the elevated salt 

concentration. Following comparison, it can be said that Na2SO4 is superior toNaCl in terms of 

MB degradation. Sonochemical degradation in absence and presence of Na2SO4 or NaCl for 4-

chlorophenol, phenol, catechol, and resorcinol under Ar was published by Uddin et al. in 2016 
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(Uddin et al., 2016)[46]. The rate of phenolic compound breakdown followed a pseudo-first 

order rate constant [47]. 

 

Fig. 6: Effect of NaCl on the degradation of MB 

 

Fig. 7: Effect of Na2SO4 on the degradation of MB 

3.5 Effect of ZnO nanoparticle on MB degradation:Figure 8 shows the degradation rate of 

Methylene blue with ZnO nanoparticle. The degradation of Methylene blue is significantly 

increased with the increasing of sonication time. MaedehAsgharian et al. observedthe maximum 

degradation of MB in presence of rGO/ZnO/Cu compound at 25 mg photocatalyst dosage 
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[48].Presence of ZnO nanoparticle is also showed second highest degradation of MB in this 

study. 

 

Fig. 8: Effect of ZnO on the degradation of MB 

4. Conclusions 

The sonochemical degradation rate of MB was studied with several parameters, such as pH, 

addition of CCl4, H2O2, NaCl, Na2SO4 and ZnO nanoparticle.The degradation of MB increased 

under acidic pH condition. 400 µM/L doses of CCl4is more efficient to degrade the MB 

compared to 200 and 600 µM/L doses. It is thought that the degradation of CCl4 created chlorine 

species and radicals, which accelerated the destruction of MB. The decomposition rate is also 

higher in presence of H2O2 compared to the pure MB and 200 µM/L doses of 20mg/L H2O2 

shows the highest degradation rate than the other used doses of H2O2 in this study. On the other 

hand inorganic salt like NaCl and Na2SO4 facilitate the deterioration of MB. The degradation 

power of Na2SO4 is higher than the NaCl. Use of ZnO nanoparticle improved the degradation 

rate significantly. The results showed thatthe MB degradation rate increases as the order of H2O2 

˃ ZnO ˃ CCL4 ˃ Na2SO4 ˃ NaCl.Therefore, all these additives and catalysts are suitable for 

ultrasonic degradation of methylene blue in aqueous medium.   

References:  

[1] Y.B. Kim, J.H. Ahn, Microwave-assisted decolorization and decomposition of methylene 

0

10

20

30

40

50

60

70

80

90

0 5 10 15 20 25

C
o
n

ce
n

tr
a

ti
o

n
, 

µ
M

/L

Irradiation Time, Minute

MB+ 0 Additive

MB + ZnO



 

 

blue with persulfate, Int. Biodeterior. Biodegrad. 95 (2014) 208–211 (part A). 

[2] L.C. Moraisi, O.M. Freitasi, E.P. Goncalves, L.T. Vasconcelos, C.G. GonzaalezBeca, 

Reactive dyes removal from wastewaters by adsorption on eucalyptus bark: variables that define 

the process, Wat. Res. 33 (1999) 979–988. 

[3] K. Santhy, P. Selvapathy, Removal of reactive dyes from wastewater by adsorption on coir 

pith activated carbon, Bioresour. Technol. 97 (2006) 1329–1336. 

[4] M.H. Entezari, C. Petrier, P. Devidal, Sonochemical degradation of phenol in water: a 

comparison of classical equipment with a new cylindrical reactor, Ultrason. Sonochem. 10 

(2003) 103–108. 

[5] M.Y. Zhu, G.W. Diao, Synthesis of porous Fe3O4 nanospheres and its application for the 

catalytic degradation of xylenol orange, J. Phys. Chem. C 115 (2011) 18923–18934. 

[6] L. Zhou, C. Gao, W.J. Xu, Magnetic dendritic materials for highly efficient adsorption of 

dyes and drugs, ACS Appl. Mater. Inter. 2 (2010) 1483–1491. 

[7] Y.G. Adewuyi, Sonochemistry: environmental science and engineering applications, Ind. 

Eng. Chem. Res. 40 (2001) 4681–4715. 

[8] P. Chowdhury, T. Viraraghavan, Sonochemical degradation of chlorinated organic 

compounds, phenolic compounds and organic dyes—a review, Sci. Total Environ. 407 (2009) 

2474–2492. 

[9] I. Hua, M.R. Hoffmann, Optimization of ultrasonic irradiation as an advanced oxidation 

technology, Environ. Sci. Tech. 31 (1997) 2237–2243. 

[10] V. Misik, N. Miyoshi, P. Riesz, EPR spin-trapping study of the sonolysis of H2O/D2O 

mixtures: probing the temperatures of cavitation regions, J. Phys. Chem. 99 (1995) 3605–3611. 

[11] K. Okitsu, K. Iwasaki, Y. Yobiko, H. Bandow, R. Nishimura, Y. Maeda, Sonochemical 

degradation of azo dyes in aqueous solutions: a new heterogeneous kinetics model taking into 

account the local concentration of OH radicals and azo dyes, Ultrason. Sonochem. 12 (2005) 

255–262. 

[12] M. Inoue, F. Okada, A. Sakurai, M. Sakakibara, A new development of dyestuffs 

degradation system using ultrasound, Ultrason. Sonochem. 13 (2006) 313–320. 

[13] S. Merouani, O. Hamdaoui, F. Saoudi, M. Chiha, Sonochemical degradation of Rhodamine 

B in aqueous phase: effects of additives, Chem. Eng. J. 158 (2010) 550–557. 

[14] D. Kobayashi, C. Honma, A. Suzuki, T. Takahashi, H. Matsumoto, C. Kuroda, K. Otake, A. 



 

 

Shono, Comparison of ultrasonic degradation rates constants of methylene blue at 22.8 kHz, 127 

kHz, and 490 kHz, Ultrason. Sonochem. 19 (2012) 745–749. 

[15] D. Kobayashi, C. Honma, H. Matsumoto, T. Takahashi, C. Kuroda, K. Otake, A. Shono, 

Kinetics analysis for development of a rate constant estimation model for ultrasonic degradation 

reaction of methylene blue, Ultrason. Sonochem. 21 (2014) 1489–1495. 

[16] P. Kruus, R.C. Burk, M.H. Entezari, R. Otson, Sonication of aqueous solutions of 

chlorobenzene, Ultrason. Sonochem. 4 (1997) 229–233. 

[17] C. Petrier, A. Francony, Ultrasonic waste-water treatment: incidence of ultrasonic frequency 

on the rate of phenol and carbon tetrachloride degradation, Ultrason. Sonochem. 4 (1997) 295–

300. 

[18] D.T. Sponza, R. Oztekin, Dephenolization, dearomatization and detoxification of olive mill 

wastewater with sonication combined with additives and radical scavengers, Ultrason. 

Sonochem. 21 (3) (2014) 1244–1257. 

[19] W. Zheng, M. Maurin, M.A. Tarr, Enhancement of sonochemical degradation of phenol 

using hydrogen atom scavengers, Ultrason. Sonochem. 12 (4) (2005) 313–317. 

[20 ] ShirajumMonira, Md. Ashifuzzaman, Md. Monjurul Islam, Md. Jahangir Hossain, Kenji 

Okitsu, Md. Hafizur Rahman, Md. Shaharul Islam& Md. HelalUddin: Effects of Additives on 

Sonolytic Degradation of Azo Dye Molecules Found in Industrial Wastewater, 

JurnalKejuruteraan, 34(1) (2022)41-50.  

[21 ] Md. Monjurul Islam, B. M. Saifur Rahman, Most. Shahida Khatun, Md. Jahangir Hossain, 

Md. Tanjirul Huda, Md. Shaharul Islam, G. M. Arifuzzaman Khan, Md. HelalUddin: 

Sonochemical degradation of phenol and Para-Chlorophenol in an Ultrasonic bath in the 

presence of inorganic salts and H2O2, International Journal for Excogitation Education and 

Research, 1(1) (2017)22-33. 

[22 ] Jahangir Hossain, ShirajumMonira, M. Shahinuzzaman, Md. Samiul Bari Avick, Md. 

Shaharul Islam, Mst. MarjiaKhatun, S. M. AbdurRazzaque  and Md. HelalUddin; Effect of 

Additives on Decomposition of Methyl Orange and Congo Red Dyes Found in Industrial 

Wastewater , Asian Journal of Physical and Chemical Sciences, 11(3)(2023) 52-63. 

[23] Nagpal, M.; Kakkar, R. Use of metal oxides for the adsorptive removal of toxic organic 

pollutants. Sep. Purif. Technol. 2019, 211, 522–539. [CrossRef] 



 

 

[24] Wawrzkiewicz, M.; Wi´sniewska, M.; Wołowicz, A.; Gun’ko, V.M.; Zarko, V.I. Mixed 

silica-alumina oxide as sorbent for dyes and metal ions removal from aqueous solutions and 

wastewaters. Microporous Mesoporous Mater. 2017, 250, 128–147. [CrossRef] 

[25] Danish, M.S.S.; Bhattacharya, A.; Stepanova, D.; Mikhaylov, A.; Grilli, M.L.; Khosravy, 

M.; Senjyu, T. A Systematic Review of Metal Oxide Applications for Energy and Environmental 

Sustainability. Metals 2020, 10, 1604. [CrossRef] 

[26] Huang, Y.; Su, W.; Wang, R.; Zhao, T. Removal of typical industrial gaseous pollutants: 

From carbon, zeolite, and metal-organic frameworks to molecularly imprinted adsorbents. 

Aerosol Air Qual. Res. 2019, 19, 2130–2150. [CrossRef] 

[27]  Lee, K.M.; Lai, C.W.; Ngai, K.S.; Juan, J.C. Recent developments of zinc oxide based 

photocatalyst in water treatment technology: A review. Water Res. 2016, 88, 428–448. 

[CrossRef] 

[28] Hashimoto, K.; Irie, H.; Fujishima, A. TiO2 photocatalysis: A historical overview and 

future prospects. Jpn. J. Appl. Phys. 2005, 44, 8269–8285. [CrossRef] 

[29] Dastan, D.; Panahi, S.L.; Chaure, N.B. Characterization of titania thin films grown by dip-

coating technique. J. Mater. Sci. Mater. Electron. 2016, 27, 12291–12296. [CrossRef] 

[30] Dastan, D.; Panahi, S.L.; Yengantiwar, A.P.; Banpurkar, A.G. Morphological and electrical 

studies of titania powder and films 

grown by aqueous solution method. Adv. Sci. Lett. 2016, 22, 950–953. [CrossRef] 

[31] Dastan, D. Effect of preparation methods on the properties of titania nanoparticles: 

Solvothermal versus sol-gel. Appl. Phys. A 2017, 1–13, 123–699. [CrossRef] 

[32]  Azmina, M.S.; Nor, R.M.; Rafaie, H.A.; Razak, N.S.A.; Sani, S.F.A.; Osman, Z. Enhanced 

photocatalytic activity of ZnO nanoparticles grown on porous silica microparticles. Appl. 

Nanosci. 2017, 7, 885–892. [CrossRef] 

[33] Hariharan, C. Photocatalytic degradation of organic contaminants in water by ZnO 

nanoparticles: Revisited. Appl. Catal. A Gen. 2006, 304, 55–61. [CrossRef] 

[34] M. Hamida, A. Dehane, S. Merouani, O. Hamdaoui, M. Ashokkumar, The role of 

reactive chlorine species and hydroxyl radical in the ultrafast removal of Safranin O from 

wastewater by CCl4/ultrasound sono-process, Chemical Engineering and Processing-Process 

Intensification. 178(2022) 109014. 



 

 

[35] R. Cheng, S. Ou, M. Li, Y. Li, B. Xiang, Ethylenediamine modified starch as biosorbent 

for acid dyes, Journal of hazardous materials. 172(2009) 1665-70.  

[36] K.S. Suslick, M.M. Mdleleni, J.T. Ries, Chemistry induced by hydrodynamic cavitation, J. 

Am. Chem. Soc. 119 (1997) 9303–9304. 

[37] A. Francony, C. Petrier, Sonochemical degradation of carbon tetrachloride in aqueous 

solution at two frequencies: 20 kHz and 500 kHz, Ultrason. Sonochem. 3 (1996) S77–S82. 

[38] I. Hua, M.K. Hoffmann, Kinetics and mechanism of the sonolytic degradation of CCl4: 

intermediates and byproducts, Environ. Sci. Technol. 30 (1996) 864–871. 

[39] K. Okitsu, K. Kawasaki, B. Nanzai, N. Takenaka, H. Bandow, Effect of carbon tetrachloride 

on sonochemical decomposition of methyl orange in water, Chemosphere 71 (2008) 36–42. 

[40] R.O. Recknagel, E.A. Glende, J.A. Dolak, R.L. Waller, Mechanisms of carbon tetrachloride 

toxicity, Pharmacol. Ther. 43 (1989) 139–154. 

[41] I.M. Banat, P. Nigam, D. Singh, R. Marchant, Microbial decolorization of textile-

dyecontaining effluents: a review, Bioresource technology. 58(1996) 217-27. 

[42] L. Miah, Impact of textile dyeing effluent on environment; a study based on Bangladesh. 

[43] Y. Jiang, C. Petrier, T.D. Waite, Sonolysis of 4-chlorophenol in aqueous solution: effects of 

substrate concentration, aqueous temperature and ultrasonic frequency, Ultrason. Sonochem. 13 

(2006) 415–422. 

[44] M.H. Uddin, S.I. Hatanaka, S. Hayashi, Effects of aqueous temperature on sonolysis of 

bisphenol A: rate constants increasing with temperature under oxygen, J. Chem. Eng. Jpn 42 

(2009) 303–308. 

[45] H. Zollinger. Synthesis, properties of organic dyes and pigments, Color Chemistry. VCH 

Publishers, New York, USA; 1987. 

[ 46]Uddin, M. H., Nanzai, B. & Okitsu, K. (2016). Effects of Na2SO4 or NaCl on sonochemical 

degradation of phenolic compounds in an aqueous solution under Ar: Positive and negative 

effects induced by the presence of salts. Ultrasonics sonochemistry,28 (2016) 144-149. 

[47] A. Bafana, S.S. Devi, T. Chakrabarti, Azo dyes: past, present and the future, Environmental 

Reviews. 19(2011) 350-71. 

[48] MaedehAsgharian, Mohsen Mehdipourghazi, BehnamKhoshandam, NarjesKeramati, 

Photocatalytic degradation of methylene blue with synthesized rGO/ZnO/Cu, Chemical physics 

letter,719(2019)1-7. 



 

 

 


