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ABSTRACT  
In the present work degradation of brilliant green has been studied using combination of acoustic cavitation and various 

advance oxidation processes (AOP’s). It includes combination of acoustic cavitation with hydrogen peroxide (H2O2), 

ultraviolet (UV) light and photocatalytic process using catalyst (Nb2O5). Degradation of brilliant green has been studied for 

initial concentration of brilliant green (10, 20 and 30 ppm), different sonication power (250, 500 and 750 W), different 

dosage of H2O2 (217, 286 and 365 mg/L) and different dosage of Nb2O5 catalyst (22, 65, 108 and 217 mg/L). 

The kinetic study indicated that the degradation rate of the brilliant green dye fitted to first order kinetics for all the process 

studied. It has also observed that cavitational based combined techniques are more effective as compared to individual 

process.   

KEYWORDS – Brilliant green (BG), Ultrasound sonication (US), US + H2O2, UV + Nb2O5, US + UV + Nb2O5. 

INTRODUCTION  

Textile and paper industry is one of the largest water 

consuming and water polluting industry as large 

amount of dyes are likely to be discharged into waste 

streams. The textile/paper industry and consequently 

its wastewater have been increasing exponentially 

with the ever increasing demands [1]. If these 

wastewaters are discharged to the environment 

without any treatment, these dyes can remain in the 

environment for an extended period of time due to 

their high stability to light and temperature. The 

presence of even very low concentrations of dyes in 

effluent is highly undesirable. Depending on the 

exposure time and dye concentration, dyes can have 

acute and/or chronic effects on exposed organisms. 

They also affect the absorption and reflection of 

sunlight through water, reduce oxygen solubility and 

threaten the photosynthetic activity of aquatic plants 

and algae. The effect in reduction in the oxygen 

levels interferes with the growth of bacteria such that 

they become inefficient in biologically degrading 

impurities in the water and hence risk the food chain. 

These reasons make the effective elimination of 

reactive dyes from effluents of textile industries very 

important before release into the environment [1, 2]. 

The brilliant green dye used in the investigation is 

triphenyl nitrogen containing cationic dye. The exact 

structure of the brilliant green dye has also been 

given in Fig. 1. Brilliant green is chemically 

described as ammonium, 4-(p-diethylamino)-alpha-

(phenylbenzylidene) (C27H34N2O4S) with λmax of 

625 nm and molecular weight of 482g mol
-1
. 

 
Fig. 1 Structure of brilliant green 

The use of brilliant green (BG) dye has been banned 

in many countries due to its carcinogenic nature [1]. 

It is used as a dye to color synthetic fibers and silk 

biological stain, dermatological agent, veterinary 

medicine, and as an additive to poultry feed to inhibit 

propagation of mold, intestinal parasites and fungus. 

It is also extensively used in textile dying and paper 

printing. It is considered highly toxic for humans and 

animals because it can cause permanent injury to 

eyes. It also causes irritation to the respiratory tract 

that leads to cough and shortness of breath. It can 

cause irritation to the gastrointestinal tract, which 

also results in nausea, vomiting and diarrhea in 

human beings [9]. 

Number of methods have been investigated for 

degradation of dye waste water such as chemical 

oxidation and reduction, chemical precipitation and 

flocculation, photolysis, adsorption, ion pair 

extraction, electrochemical treatment, advanced 

oxidation, cavitation techniques etc. [3]. Cavitation is 

the formation of vapour cavities in a liquid 

("bubbles" or "voids") that are the consequence of 

forces acting upon the liquid. It usually occurs when 

a liquid is subjected to rapid changes of pressure that 

cause the formation of cavities. Cavitational bubble 

collapse, H2O undergoes thermal dissociation within 

the vapor phase to give hydroxyl radical and 

hydrogen atoms [4]. Advance oxidation treatment 

methods are widely used for dye degradation, as they 

require low quantities of oxidant and economical. In 

the oxidation process, dye molecules are oxidized 

and decomposed to lower molecular weight species 

such as aldehydes, carboxylates, sulphates and 

nitrogen, the ultimate goal still remain to degrade 

them to carbon dioxide and water. Various types of 

oxidant including chlorine, hydrogen peroxide, ozone 

and chlorine dioxide are used for colour removal 

from wastewater [5]. 

Cavitation is the upcoming techniques that can be 

used for degradation of dye. It can be described as the 

formation of nuclei, growth and collapse of bubbles 

in liquid, releasing large magnitudes of energy. The 

collapse of the bubbles induces localized supercritical 

conditions, i.e. high temperature and pressure 

condition (about of 1000 atm pressure and about 

5000 
0
K temperature). The local effects of cavitation 

include generation of free radicals, hot spots and 

intense turbulence coupled with liquid circulation 

currents; the conditions being quite favorable for 

oxidation of pollutants. During cavitational bubble 

collapse, H2O undergoes thermal dissociation within 

the vapor phase to give hydroxyl radical and 

hydrogen atoms. In water and wastewater treatment 

applications, organic pollutants may be destroyed 

either in the cavitation bubble itself by pyrolytic 

decomposition (if the compounds are hydrophobic), 

at the interfacial sheath between the gaseous bubble 

and the surrounding liquid or in the bulk solution via 

oxidative degradation by hydroxyl radicals [6, 7]. 

Cavitation processes [1, 3] have been reported in the 

literature for the degradation of brilliant green. 



                                      Thakare, et al., International Journal of Advanced Engineering Technology           

Int J Adv Engg Tech/IV/IV/Oct-Dec.,2013/31

However the use of acoustic cavitation based hybrid 

techniques for the degradation of brilliant green has 

not yet been explored. The aim of this work to study 

the degradation of brilliant green dye by means of 

sonolysis, sonolysis with H2O2, photocatalys

sonophotocatalysis and observe the effect of key 

operating condition on the kinetics of  brilliant green 

dye degradation. 

MATERIALS AND METHODS 

1. Materials 

Brilliant green (C.I. 42040, stain powder

obtained from Merck, Mumbai. Hydrogen 

(30% W/V H2O2) was obtained from a Thomas 

baker, Mumbai and Niobium Pentoxide (Nb

purchased from Loba Chemie, Mumbai. 

were used as received from the suppliers

Standard stock solutions of 500 mg/L

green was prepared by diluting the corresponding 

mass of brilliant green in milliQ water and 

from light. A different initial concentration of 

brilliant green was prepared by further diluti

standard stock solutions. 

2. Experimental methods  

The cavitation reactor used in the present study was 

an ultrasonic horn. Ultrasonic processor of diameter 

13mm was operated at a frequency of 20 kHz with 

maximum power 750 W.  All the experiments were 

conducted at 60% duty cycle (ultrasonic horn 

second and off for 4 second). Initially 230 ml 

brilliant green solution taken in a quartz glass reactor 

at natural pH (5.5) and temperature throughout 

experiments was maintained at (20 ± 3 

height of the ultrasonic horn was adjusted using 

metal stand in such way that the tip of the probe was 

immersed 2 cm inside the liquid. The duty cycle and 

power dissipation was adjusted depending on the 

desired values and experiments were conducted wit

different initial concentration of brilliant green (10, 

20 and 30 ppm) for a total treatment time of 

Samples (volume 5 ml) were withdrawn at regular 

intervals for analysis on UV- VIS spectrophotometer.

In US + H2O2 process, 230 ml of brilliant green 

solution in a quartz glass reactor with different 

concentration of H2O2 (217, 286 and 365 mg/L) for 

total treatment time of 30 min. Samples were 

withdrawn at regular intervals for analysis

In photocatalytic and sonophotocatalytic

230ml brilliant green solution in quartz 

with the different amount of Nb2O5 (22, 65, 108 and 

217 mg/ L). During experimentation the suspension 

was left for 15 min in the dark with continuous 

stirring by magnetic stirrer to ensure complete 

equilibration of adsorption/desorption of the organic

compound on the catalyst surface. After that

of time, the lamp and the sonicator were turned on 

and this was taken as ‘‘time zero’’ for the reaction

and the experiments were carried out for a tot

treatment time of 200 min. UV irradiations were 

carried out using two philips 8W low

mercury UV lamps. At any given irradiation time 

interval, the dispersion was sampled (5 ml

centrifuged to separate the Nb2O5 particles. After 

each irradiation cycle, the amount of the residual dye

was thus determined by UV- VIS spectrophotometer

Analytical methods 

Change in the concentration of brilliant green

obtained during its degradation using different 

processes was measured using a UV

beam spectrometer (PerkinElmer
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the dispersion was sampled (5 ml), 

particles. After 

each irradiation cycle, the amount of the residual dye 
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in the concentration of brilliant green 

obtained during its degradation using different 

UV–Vis double 

spectrometer (PerkinElmer). Sample 

absorbance was measured at 625 nm which is the 

wavelength that corresponds to the maximum 

brilliant green absorbance in the visible region. To 

establish a calibration curve between sample 

absorbance and concentration, standard brilliant 

green solutions with concentrations from 2 to 1

mg/L were prepared and analyzed. 

RESULT AND DISCUSSION  

1. Degradation kinetics 

Brilliant green degradation occurs along first

kinetics equation (1) gives kinetics of dye 

degradation [1], meaning that the rate of reaction 

depends only on the concentration of dye present in 

the solution. According to kinetics, a plot of the log

of the concentration of the reactant against time will 

result in a line whose slope represents the rate for the 

degradation. 

ln (CA0/CA) = k × t                                                  

The percentage of degradation was calculated 

according to equation (2). 

Degradation %   = ((CA0 – CA) / CA0) × 100  

CA0: initial concentration of the dye (mg/l); 

concentration of the dye after treatment (mg/l).

k = rate constant (min
-1
), t = time (min)

2. Effect of initial concentration of 

dye on the degradation  

The effect of initial dye concentration on the 

sonolytic degradation rate of brilliant green was 

investigated at temperature of 20 ± 3 °C and pH 5.5 

of aqueous media. Fig. 2 shows the effect of different 

initial concentration of brilliant green dye on

degradation. It was found that with 

initial concentration of brilliant green 

degradation of brilliant green decreas

of degradation and rate constant of brilliant green at

its different initial concentration is shown in 

it has been observed as the increasing concentration 

of brilliant green from 10 to 30 ppm

degradation of brilliant green was decreases from 

27.92 % to 17.34 %. The given

corresponds closely with those reported for 

sonochemical degradation of Congo

Malachite green [11], Rhodamine B

Reactive black 5 [13] in aqueous solution

Fig. 2 First order kinetic plot showing the effect of 

initial concentration of brilliant green on the 

degradation using acoustic cavitation (subjected to 

power - 500W, pH- 5.5 and time 

 

Table 1 Effect of initial concentration of dye on the 

degradation brilliant green using acoustic cavitation
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The effect of initial dye concentration on the 

sonolytic degradation rate of brilliant green was 

investigated at temperature of 20 ± 3 °C and pH 5.5 

effect of different 

green dye on rate of 

. It was found that with the increasing 

brilliant green dye, the rate 

decreases. The extend 

of brilliant green at 

shown in Table 1, 

the increasing concentration 

brilliant green from 10 to 30 ppm,  the extent of 

degradation of brilliant green was decreases from 

given results are 

those reported for the 

Congo red [10], 

hodamine B [12] and 

in aqueous solution. 

 
Fig. 2 First order kinetic plot showing the effect of 

initial concentration of brilliant green on the 

degradation using acoustic cavitation (subjected to 

5.5 and time - 200 min.) 

Table 1 Effect of initial concentration of dye on the 

degradation brilliant green using acoustic cavitation 
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3. Effect of sonication power on the 

of brilliant green (US) 

In aqueous phase sonolysis, there are three potential 

sites for sonochemical activity [11], namely: (i) the 

gaseous region of the cavitation bubble where 

volatile and hydrophobic species are easily degraded 

through pyrolytic reactions as well as reactions 

involving the participation of hydroxyl radicals with 

the latter being formed through water sonolysis:

H2O → H
●
 + OH

●
                                                   

 (ii) the bubble–liquid interface where hydroxyl 

radicals are localized and, therefore, radical reactions 

predominate although pyrolytic reactions may also, to 

a lesser extent, occur and (iii) the liquid bulk where 

secondary sonochemical activity may take place 

mainly due to free radicals that have escaped from 

the interface and migrated to the liquid bulk. It 

should be pointed out that hydroxyl radicals can 

recombine yielding hydrogen peroxide which may, in 

turn, react with hydrogen to regenerate hydroxyl 

radicals: 

OH
●
 + OH

●
 → H2O2                                               

H2O2 + H
●
 → H2O + OH

●              
                              

Fig. 3 First order kinetic plot showing the effect of 

sonication power on the degradation of brilliant green 

using acoustic cavitation (subjected to concentration of 

brilliant green dye - 10 ppm, pH- 5.5 and time 

Fig. 3 shows the effect of sonication power on the

rate of degradation of brilliant green

operating powers (250, 500 and 750W)

observed that the rate degradation of brilliant green 

increases with an increase in the operating po

The maximum rate of degradation was observed at 

power dissipation of 750 W whereas minimum rate 

of degradation of brilliant green was observed at 

power dissipation level of 250 W. The incr

rate of degradation of brilliant green with increasing 

power can be due to the enhancement in the number 

of cavities leading to higher cavitational activity and 

hence enhanced production of the hydroxyl radicals. 

Beyond the optimum level of power dissipation, 

further increase in power results in the formation of a 

cloud of cavities, which reduces the efficiency of 

cavity collapse and hence results in a decrease in 

degradation efficiency [12].  

Table 2 shows the effect of sonication power on

extent of degradation and rate constant. It has 

observed that as sonication power is increased from 

250 to 750 W, extend of degradation of brilliant 

green increases from 20.45 to 28.52 %. Increasing the 

sonication power, the rate degradation of brilliant 

green also increases upto 28.45 % at 750W.  

However, increasing sonication power beyond 500 

W, only marginal increase in the rate of degradation 

of brilliant green has been obtained. Hence optimum 

sonication power of 500 W has been used in all 

further experiments. 
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sonication power of 500 W has been used in all 

Table 2 Effect of sonication power on the degradation of 

brilliant green using acoustic cavitation

4. Effect of H2O2 on the sonolytic degradation of 

brilliant green (US + H2O2) 

To increase the generation of free radicals, the 

combination of ultrasound with hydrogen 

looks to be a promising option. The concentration of 

hydrogen peroxide plays a crucial role in deciding 

extent of degradation obtained for the combined 

process. On one side where it acts as a source of free 

radicals by the dissociation process, also 

scavenger of the generated free radicals, as indicated 

by the following reaction scheme: 

H2O2 → 2OH
●
                                                       

OH
●
 + H2O2 → H2O + O2H

●
                        

Thus, the effect of the combined process will be very 

much dependent on the utilization of free radicals by 

the organic pollutant molecules, which 

on the efficiency of contact of the generated free 

radicals with the pollutant over a 

period. Before selecting the combination of 

ultrasound with hydrogen peroxide as the oxidation 

treatment scheme are the crucial factors to be 

analyzed which are the intensity of turbulence 

existing in the reactor, state (whether molecular or 

ionic) and nature (hydrophobic or hydrophilic) of the 

pollutant, and sometimes concentration of the 

pollutant and composition of the effluent stream 

Fig. 4  First order kinetic plot showing the effect of 

H2O2 on the sonolytic  degradation of  brilliant green 

(subjected to  concentration brilliant green dye 

10ppm, pH - 5.5, power - 500W and time 

Fig. 4 shows the effect of H2O2 on the sonolytic 

degradation of brilliant green. It has been observed 

that as US + H2O2 is shows maximum rate of 

degradation brilliant green as compared to 

conventional process (magnetic stirrer + H

sonication only. The rate of degradation of brilliant 

green for US + H2O2 increases with

concentration of H2O2 from 217 to 28

concentration of 365 mg/L the rate of degradation of 

brilliant green decreases. This adverse effect after 

optimum concentration is due to scavenging effect. 

H2O2
 
in the presence of sonication

radical. On increasing concentration of H

hydroxyl radical also increases but beyond certain 

concentration some of H2O2
 
remains in excess. This 

excess H2O2
 
recombines with OH

●
 radicals and form 

H2O and O2H
●
 radical that has low o

potential compared to that of OH
●

results into decrease in rate of degradation

In Table 3 shows the effects of H2O

on extend of degradation and rate constant of brilliant 
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green. It has been observed that the 

degradation brilliant green of 10 % obtained using

the conventional process (magnetic stirrer + H

significantly increased to 41.95 % when H

combined with ultrasonication at a 286 mg/L H

concentration.  
Table 3 Effect of H2O2 concentration on the sonolytic 

degradation of brilliant green

5. Effect of catalyst loading on the photocatalytic 

degradation of brilliant green (UV + Nb

The photocatalytic processes are gaining importance 

in the area of wastewater treatment, since these 

processes result in complete mineralization with

operation at mild conditions of temperature and 

pressure. Photocatalytic reactions occur when charge 

separation are induced in a large bandgap 

semiconductor by excitation with ultra bandgap 

radiations. This way, the absorption of light by the 

photo catalyst greater than its bandgap energy excites 

an electron from the valence band of the irradiated 

particle to its conduction band, producing a positively 

charged hole in the valence band and an electron in 

the conduction band as shown in Fig. 5. 

Fig. 5 Conduction and valence bands and electron

pair generation in semiconductors 

Table 4 Effect of catalyst loading on the extend of degradation, rate constant of photocatalytic and sonophotocatalytic 

Table 4 shows the effect of catalyst loading

extent of degradation and rate constant of brilliant 

green. It has been observed that as increasing catalyst 

concentration from 22 mg/L to 108 mg/L, the extend 

of degradation of brilliant green increases from

46.11% to 57.94% and then decreases from to

at a catalyst concentration 217mg/L. 

6. Effect of catalyst loading on the 

sonophotocatalytic degradation of brilliant green 

(US + UV + Nb2O5) 

It is the combination of two advanced oxidation 

processes i.e. sonication and photocatalysis. The 

basic reaction mechanism for both ultrasound 

initiated degradation process as well as photocatalytic 

oxidation (either using UV light or solar energy) is 

the generation of free radicals and subsequent attack 

by these on the pollutant organic species. If the two 

modes of irradiations (UV and ultrasound) are 

operated in combination, more number of free 

radicals will be available for the reaction thereby 

increasing the rates of reaction [8]. 
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pair generation in semiconductors  

The hole in the valence band may react with 

absorbed at the surface to form hydroxyl radicals and 

on the other hand, the conduction band electron can 

reduce absorbed oxygen to form peroxide radicals 

anions that can further disproportionate to form HO

through various pathways. During the photo

process, other oxygen containing radicals are also 

formed including superoxide radical anion and the 

hydro peroxide radical [14]. 

Fig. 6 First order kinetic plot showing the effect of 

Nb2O5 catalyst loading on the photocatalytic

degradation of brilliant green (subjected to 

concentration of brilliant green dye - 

power - 500W and time – 200 min.) 

Fig. 6 shows the effect of Nb2O5 catalyst loading

the degradation of brilliant green using UV light. I

has been observed that as rate of degradation

brilliant green increases with catalyst concentration 

from 22 mg/L to 108 mg/L and then decreases 

mg/L catalyst concentration. The result obtained are 

attributed to the fact that for the 

degradation rate is due to clustering of catalyst 

particles at higher concentrations and thus causes

decrease in the number of active sites on its free 

surface and increase in opacity and light scattering of 

catalyst particles at high concentration leading to 

decrease in the passage of UV irradiation through the 

sample [15]. 

Table 4 Effect of catalyst loading on the extend of degradation, rate constant of photocatalytic and sonophotocatalytic 

and synergetic coefficient

loading on the 

te constant of brilliant 

green. It has been observed that as increasing catalyst 

concentration from 22 mg/L to 108 mg/L, the extend 

of brilliant green increases from 

decreases from to 54.6 % 

Effect of catalyst loading on the 

sonophotocatalytic degradation of brilliant green 

It is the combination of two advanced oxidation 

processes i.e. sonication and photocatalysis. The 

basic reaction mechanism for both ultrasound 

initiated degradation process as well as photocatalytic 

oxidation (either using UV light or solar energy) is 

generation of free radicals and subsequent attack 

by these on the pollutant organic species. If the two 

modes of irradiations (UV and ultrasound) are 

operated in combination, more number of free 

radicals will be available for the reaction thereby 

In the case of photocatalytic oxidation, the most 

common problem associated is the reduced efficiency 

of photo-catalyst with continuous operation possibly 

due to the adsorption of contaminants at the surface 

and blocking of the UV activated sites, which makes 

them unavailable for the destruction. Thus, our aim 

should be in devising a technique for proper 

continuous cleaning of the catalyst surface during the 

photocatalytic operation. Ultrasonic irradiation is one 

such technique that can be used simultaneously with 

UV/solar irradiation. Moreover, photocatalytic 

oxidation technique is also affected by severe mass 

transfer limitations especially in the immobilized 

catalyst type of reactors, which are generally 

preferred over slurry reactors to avoid solid catalyst 

separation problems. Several reasons for coupling 

photocatalysis with sonolysis are increased 

production of hydroxyl radicals in the reaction 

mixture through reactions, enhanced mass transfer of 

organics between the liquid phase and the catalyst 

surface, catalyst excitation by ultrasound
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degradation of brilliant green (subjected to 

 10ppm, pH- 5.5, 

200 min.)  
catalyst loading on 

of brilliant green using UV light. It 

rate of degradation of 

increases with catalyst concentration 

and then decreases at 217 

mg/L catalyst concentration. The result obtained are 

for the decrease in 

clustering of catalyst 

concentrations and thus causes a 

decrease in the number of active sites on its free 

surface and increase in opacity and light scattering of 

catalyst particles at high concentration leading to 

se in the passage of UV irradiation through the 

Table 4 Effect of catalyst loading on the extend of degradation, rate constant of photocatalytic and sonophotocatalytic 

In the case of photocatalytic oxidation, the most 

common problem associated is the reduced efficiency 

catalyst with continuous operation possibly 

due to the adsorption of contaminants at the surface 

UV activated sites, which makes 

them unavailable for the destruction. Thus, our aim 

should be in devising a technique for proper 

continuous cleaning of the catalyst surface during the 

photocatalytic operation. Ultrasonic irradiation is one 

that can be used simultaneously with 

UV/solar irradiation. Moreover, photocatalytic 

oxidation technique is also affected by severe mass 

transfer limitations especially in the immobilized 

catalyst type of reactors, which are generally 

reactors to avoid solid catalyst 

Several reasons for coupling 

photocatalysis with sonolysis are increased 

production of hydroxyl radicals in the reaction 

mixture through reactions, enhanced mass transfer of 

phase and the catalyst 

surface, catalyst excitation by ultrasound-induced 
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luminescence which has a wide wavelength range 

below 375 nm and increased catalytic activity due to 

ultrasound de-aggregating catalyst particles, thus 

increasing surface area [16, 17]. 

Fig. 7 First order kinetic plot showing the effect of 

Nb2O5 catalyst loading on the sonophotocatalytic 

degradation of brilliant green (subjected to 

concentration of brilliant green dye - 10ppm, pH 

power 500W and time – 200 min.) 

Fig. 7 shows the effect of Nb2O5 catalyst loading

the rate degradation of brilliant green using

combination of sonolytic and photocatalytic process

It has been observed that as rate of degradation

increases with increasing catalyst concentration from 

22 mg/L to 108 mg/L and then decreases the rate of 

degradation of brilliant green at 217 mg/L catalyst 

concentration.  

Table 4 shows the effect of catalyst loading on the 

extent of degradation and rate constant of brilliant 

green. It has been observed that as increasing catalyst 

concentration from 22 mg/L to 108 mg/L, the extend 

of degradation of brilliant green increases from 

82.39% to 91.03% and then decreases to 89.45

catalyst concentration 217mg/L. 

The synergistic effect has been 

combining ultrasonication and photocatalytic process, 

since rate constants of the combined process (k

+ Nb2O5)) are greater than the sum of the rate constants 

of the individual processes (kUS + k(UV + Nb2O5
synergy can be quantified as the normalized 

difference between the rate constants obtained under 

sonophotocatalysis and the sum of those obtained 

under separate sonolytic and photocatalysis.

Synergetic Coefficient = 

k(US+UV+Nb2O5) / kUS +k(UV+Nb2O5)  
The comparisons of photocatalytic and 

sonophotocatalytic processes have been shown in 

Table 4. Substantial synergetic effect has been 

observed since the value of reaction rate constant of 3

×10
-3 
for the photocatalytic degradation of brilliant 

green using Nb2O5 catalyst significantly increased to 

13.6×10
-3
 when photocatalytic process was combined 

with US. The synergetic effect of combining 

photocatalytic with ultrasonication based on the 

reaction rate constant can be obtained by the equation 

(3). Synergetic effect of combination of 

photocatalytic process and ultrasonication

shown in Table 4. The results obtained are mainly 

due to increased rate of generation of more free OH

radicals in case of combined process and increased 

turbulence [17]. 

CONCLUSIONS  

Depending upon the results obtained following 

important conclusions can be established for the 

degradation of brilliant green. 
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aggregating catalyst particles, thus 
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shows the effect of catalyst loading on the 

extent of degradation and rate constant of brilliant 

green. It has been observed that as increasing catalyst 

concentration from 22 mg/L to 108 mg/L, the extend 

of degradation of brilliant green increases from 

decreases to 89.45 at a 

has been observed in 

combining ultrasonication and photocatalytic process, 

since rate constants of the combined process (k(US + UV 
than the sum of the rate constants 

UV + Nb2O5)). The 

can be quantified as the normalized 

difference between the rate constants obtained under 

sonophotocatalysis and the sum of those obtained 

sonolytic and photocatalysis. 

              (3) 
The comparisons of photocatalytic and 

been shown in 

Table 4. Substantial synergetic effect has been 

of reaction rate constant of 3 

for the photocatalytic degradation of brilliant 

significantly increased to 

process was combined 

with US. The synergetic effect of combining 

photocatalytic with ultrasonication based on the 

ined by the equation 

combination of 

ocatalytic process and ultrasonication has been 

shown in Table 4. The results obtained are mainly 

more free OH
● 

in case of combined process and increased 

Depending upon the results obtained following 

sions can be established for the 

• The rate of degradation of brilliant green 

obtained using the combination of US with 

photocatalytic, H2O2 and photolytic process has 

found to be higher than that for the individual 

processes.  

• Sonophotocatalytic process lead to maximum 

degradation of brilliant green dye as compare to

photocatalytic process, US+ H2

found as follows, 

US + UV + Nb2O5 = 91.03 %

UV + Nb2O5 = 57.93 % 

US + H2O2 = 41.95 % 

US = 27.92 % 

Hence, acoustic cavitation based hybrid techniques 

combining various AOPs can be applied successfully 

for the degradation of brilliant green.
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