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In the present work, degradation of Reactive Red 120 dye (RR120) has been carried out using hydrody-
namic cavitation (HC) one of the upcoming advance oxidation techniques (AOPs). The effect of various
operating parameters such as inlet fluid pressure, cavitation number, solution pH and addition of H,0, as
a supplementary oxidizing agent on the degradation rates were studied. The cavitational device used in
this study has been optimized in terms of inlet fluid pressure and cavitation number. The photographic
study was carried out to analyze the cavity behavior inside a transparent venturi. The degradation of
RR120 was found to be dependent on the solution pH and higher degradation was achieved in acidic
medium and addition of H,O, further enhances the degradation rate.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Waste water from the textile industry containing dyes causes
serious environmental problem due to their intense color and
potential toxicity. About 10-20% of the total dyestuff used in the
dyeing process is released into the environment [1,2]. The waste
water containing colored solution is the source of aesthetic pollu-
tion, eutrophication, and perturbations in aquatic life essentially
due to their organic nature. Among all types of dye used in the
textile and paper industry around 50-70% dyes are of Azo class
[2-5]. These dyes are resistant to degradation by biological treat-
ment methods and in factintroduce toxicity to the microbes and can
be converted to hazardous by-products through oxidation, hydrol-
ysis, or other chemical reactions taking place in the wastewater
itself[1]. So these effluents need to be treated before their discharge
into the environment. In the past few years many researchers have
tried different methods for the degradation of textile dyes. These
include carbon bed adsorption, biological methods, oxidation using
chlorination and ozonation, electrochemical methods, membrane
processes and other advanced oxidation techniques [6,7]. In last
decade a new technology called as hydrodynamic cavitation (HC)
has been extensively studied by many researchers in the area of
waste water treatment because this technique is energy efficient
and also easy to scale up to industrial scale [8-11]. In hydrody-
namic cavitation, cavities are formed by passing the liquid through
the constriction/geometry provided in line such as venturi, orifice
plate. When the pressure at the throat or vena-contracta of the
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constriction falls below the vapor pressure of the liquid, the liquid
flashes, generating number of cavities that subsequently collapse
when the pressure recovers downstream of the mechanical con-
striction. The effects of cavity collapse are in terms of creation of
hot spots, releasing highly reactive free radicals, surface cleaning
and/or erosion, and enhancement in local transport (heat, mass
and momentum) rates. The collapse of bubbles, generates localized
“hot spots” with transient temperature of the order of 10,000 K,
and pressures of about 1000 atm [12]. Under such extreme con-
ditions water molecules are dissociated into OH® and H* radicals.
These OH* radicals then diffuse into the bulk liquid medium where
they react with organic pollutants and oxidize/mineralize them.
The two main mechanisms for the degradation of pollutants using
hydrodynamic cavitation are the thermal decomposition/pyrolysis
of the volatile pollutant molecules entrapped inside the cavity dur-
ing the collapse of the cavity and secondly, the reaction of OH*
radicals with the pollutant occurring at the cavity-water interface.
In the case of non volatile pollutant the main mechanism for the
degradation of pollutants will be the attack of hydroxyl radicals on
the pollutant molecules at the cavity-water interface and in the
bulk fluid medium. The mechanical effects are also significant. In
some cases the intensity of shockwaves generated by the collaps-
ing cavity can break molecular bonds, especially the complex large
molecular weight compounds. The broken down intermediates are
more amenable to OH* attack as well as biological oxidation, which
can further enhance the rate of oxidation/mineralization of the pol-
lutants.

In the present work the degradation of Reactive Red 120 dye
(RR120) has been carried out using self designed hydrodynamic
cavitation set-up and also the effect of solution pH and addition
of H,0, on the degradation rate has been studied. In this study,
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Fig. 1. Molecular structure of Reactive Red 120.

two important operating parameters (inlet pressure and cavitation
number) for a cavitational device have been optimized in order
to get maximum cavitational effects. The photographic study was
also carried out to observe the cavity behavior inside the cavitat-
ing device (venturi), which offers a plausible explanation to the
observation of the optimum operating conditions.

2. Materials and methods
2.1. Materials

Reactive Red 120 dye (molecular weight: 1470 g/mol; molecu-
lar formula: C44H24Cl;N14Nag0420Sg) was a gift sample from ATUL
Limited India, and hydrogen peroxide was purchased from S.D. Fine
Chemicals (India). The chemical structure of Reactive Red 120 dye is
shown in Fig. 1. The experiments were carried out within the tem-
perature range of 30-35°C. All the solutions were prepared with
tap water as a dissolution medium. The concentration of dye was

kept constant in all the cases at 34 wM (50 ppm). The concentra-
tion range of H,O, was kept in the range of 0-3400 .M and added
externally.

2.2. Hydrodynamic cavitation reactor

The experimental setup is shown in Fig. 2. The setup includes a
holding tank of 15 1 volume, a positive displacement pump of power
rating 1.1 kW, control valves (V1,V2, and V3), and flanges to accom-
modate the cavitating device in the main line and a bypass line
to control the flow through the main line. The suction side of the
pump is connected to the bottom of the tank and discharge from the
pump branches into two lines; the main line and a bypass line. The
main line consists of a flange which houses the cavitating device
which can be either orifice or a venturi. The main line flow rate was
adjusted by changing the number of piston strokes per unit time
of the pump, which affects the total flow generated. Additionally,
a valve is also provided in the bypass line to control the liquid flow
through the main line. Both the mainline and bypass line terminate
well inside the tank below the liquid level to avoid any induction of
air into the liquid due to the falling liquid jet. Fig. 3 shows one of the
cavitating device (venturi) used in this work. Two different types
of materials were used in the fabrication of venturi. A transparent
venturi made-up from acrylic was used for the photographic study
and a metal venturi made-up from brass was used for the rest of
the experiments.

2.3. Experimental and analytical methods

Hydrodynamic cavitation based degradation of RR120 was car-
ried out at different conditions using fixed solution volume of 61
and for a constant circulation time of 3 h. The initial concentration
of RR120 was kept constant in all the cases at 34 M (50 ppm). The
temperature of the solution during experiments was kept constant
in all the cases at about 35°C and was maintained by circulating
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Fig.4. Effect of inlet pressure on the main line flow rate and cavitation number (Cy).

cooling water through the jacket provided to the holding tank. The
photographs were taken using digital camera (Canon EOS 1000D
model). The shutter speed was kept 1/2600s as it was found to be
adequate to capture the fast moving cavity and also gave adequate
illumination. The absorbance of RR120 was monitored using UV-
Spectrophotometer (Shimadzu-1800) and then the concentration
of dye was calculated by analyzing the absorbance of dye solution at
the wavelength of 513 nm. The complete mineralization was ana-
lyzed by measuring the Total Organic Carbon (TOC) content of dye
solution using TOC analyzer (ANATOC II, SGE International Pty Ltd.,
Australia).

3. Results and discussion
3.1. Hydraulic characteristics

The hydraulic characteristics of the cavitating device (venturi)
has been studied by measuring the main line flow rate and by
using a dimensionless parameter called as cavitation number (Cy).
The inlet pressure to the venturi as well as flow through the main
line was adjusted by changing the number of piston strokes per
unit time. The cavitation number is a dimensionless number used
to characterize the condition of cavitation in hydraulic devices
[12,13]. The cavitation number is defined as

D2 — Pv
“ ((1/2)pv§> W
where p, is the fully recovered downstream pressure, py is the
vapor pressure of the liquid, v, is the velocity at the throat of the
cavitating constriction which can be calculated by knowing the
main line flow rate and diameter of the venturi or orifice. Under
ideal condition cavities are generated at a condition C, <1 but
in many cases cavities are known to get generated at a value of
Cy greater than one due to the presence of some dissolved gases
and suspended particles which provide additional nuclei for the
cavities to form [13]. The cavitation number at which first cav-
ity appears is called cavity inception number (C;). Fig. 4 shows
the effect of the pump discharge pressure (venturi inlet pressure)
on the main line flow rate and cavitation number. The liquid flow
rate through the main line increases with an increase in the pump
discharge pressure. It was found that cavitation number decreases
with an increase in inlet pressure to the venturi. An increase in the
discharge pressure increases the flow through the main line, the
velocity at the throat of the venturi also increases, which subse-
quently reduces the cavitation number as per the definition of C,.
The number of cavities generated increases with a decrease in cav-
itation number i.e. with an increase in the liquid velocity. Yan and
Thorpe [14] reported the cavitation number for the inception of

cavity for different orifice sizes. They observed that for a given size
orifice, the cavitation inception number remains constant within a
experimental error for a specified liquid. The cavitation inception
number does not change with the liquid velocity and is a constant
for a given orifice size and is found to be increasing with an increas-
ing size and dimension of the orifice. Moholkar and Pandit [15]
have discussed this observation in terms of increased turbulent
fluctuating velocity magnitude and its variation with the orifice
dimensions.

3.2. Photographic analysis of cavitating device

To study the cavitational behavior inside a cavitating device
(venturi) photographs were taken at different venturi inlet pres-
sures (Fig. 5a-f). The inlet pressure to the venturi was gradually
increased from the lowest possible inlet pressure until some very
small bubbles (cavities) could be seen intermittently. These bubbles
seemed to form at the throat of venturi and were seen at the edge
(perimeter) of the venturi and just downstream of the throat of ven-
turi. This condition was defined as cavitation inception, i.e. the first
cavitation bubble formation (Fig. 5a, Gy =0.45). It was observed that
with an increase in the venturi inlet pressure (reduction in Cy) the
number density of cavities increases. As the venturi inlet pressure
increases cavitation number decreases and with the decrease in
cavitation number more number of cavities are formed (Fig. 5a-c).
Initially at lower pressure the number density of cavities are low
and these cavities behave as individual cavities and they collapse
as soon as they come out on the downstream of the venturi. No cav-
ity cloud was observed up to 5 bar venturi inlet pressure (C, =0.15)
as till this value of the inlet pressure the volume fraction occu-
pied by the cavity is quite low and each cavity tends to behave
individually. At the operating condition of inlet pressure of higher
than 5 bar, number density of cavities becomes so high that entire
downstream area is filled with cavities and these cavities then start
coalescing with each other and form a cavity cloud (Fig. 5d-f). The
first clear cavity cloud was observed at 6 bar pressure (G, =0.13)and
with further increase in inlet pressure almost entire downstream
area is filled with cavity cloud. The condition of cavity cloud forma-
tion is called choked cavitation [16]. Once choking occurs, a thick
vaporous cavity cloud is detected throughout the downstream of
the venturi and length of the cavitation cloud zone extends further
downstream from the throat of the venturi with further increase in
pressure. Yan and Thorpe [14] have shown both experimental and
theoretical aspects of this flow regime transitions caused by cavi-
tation when water is passing through an orifice. They have shown
that how the transition occurs from single-phase to two-phase bub-
bly flow (cavitation inception) and then from two-phase bubbly
flow (cavitation inception) to two-phase annular jet (central lig-
uid core covered by annular vapor cloud) flow (choked cavitation).
They have calculated the cavitation inception number experimen-
tally and have shown that the cavitation number at inception is
independent of the liquid velocity but strongly dependent on the
size and shape of the geometry. Hence cavitation inception number
does not change with the liquid velocity and is a constant for a given
orifice plate. They have also explained that the minimum pressure
at which cavitation inception occurs was found to be well above the
vapor pressure and the formation of the small bubbles (cavities)
at cavitation inception number is due to desorption of gas upon
pressure reduction. Yan and Thorpe have also developed a correla-
tion for the cavitation number at which choked cavitation occurs
and found good agreement between experimental and theoretical
value. The cavitation number at the choked cavitation is a func-
tion of the ratio of orifice diameter to the pipe diameter only. They
have measured the pressure at the vena contracta and found out
that choked cavitation occurs when the minimum pressure (pres-
sure at the throat or vena contracta) approaches the vapor pressure
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(a) P=1bar, C,=0.45 v,=20.78m/sec

(¢) P=5bar, C,=0.15, v,=36.2 m/sec

(c) P=8bar, C,=0.1, v,=43.33 m/scc
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Fig. 5. Photographs showing the development of cavities downstream of the venturi.

and vaporization of the liquid becomes dominant at choked
cavitation.

3.3. Dye degradation kinetics

In the case of hydrodynamic cavitation, the degradation of dye
is due to the oxidation of dye molecules by OH* radical attack
and/or by the thermal decomposition of dye molecules entrapped
inside the collapsing cavity. As mentioned earlier, in the case of non
volatile compound the main mechanism for the destruction of pol-
lutant is the attack of OH*® radicals on the pollutant molecules and
most investigators [17-21] have observed that it follows the first
order kinetics.

To correlate the observed data, pseudo first order kinetics was
assumed and rate constants for the decolorisation as well as for the

mineralization process were calculated using the following equa-
tion.

In (%)) =kxt (2)

where C is the concentration of dye in mol/l, k is the rate constant
(min~1) and t is the time in minutes.

Fig. 6 shows the plot of In(Co/C) vs time (t). The plot of In(Co/C)
vs time (t) is a straight line passing through the origin, which con-
firms that the degradation of RR120 using hydrodynamic cavitation
showing a first order reaction kinetics.

3.4. Effect of inlet pressure

The venturi inlet pressure affects the cavitational condi-
tion inside the cavitating device. The number of cavities being
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Fig. 6. First order degradation of RR120 (conditions: volume of solution: 61, inlet
pressure: 3 bar, initial concentration: 34 wM, pH of solution: 7.3).

generated and the cavitational intensity (collapse pressure magni-
tude) depends very much on the inlet pressure. To study the effect
of the venturi inlet pressure on the degradation of RR120, experi-
ments were carried out at different inlet pressure ranging from 3
to 10 bar. The initial concentration of dye and pH was adjusted at
34 .M and 7.3 respectively. Fig. 7 shows the effect of inlet pressure
on the degradation rate of RR120. It was observed that the degrada-
tion rate increases with an increase in the inlet pressure reaching a
maximum (5 bar) and then drops. The local energy dissipation rate
and the intensity of turbulence increase with anincrease in the inlet
pressure, thereby increasing the collapse intensity. The increase in
cavitational intensity results into increased degradation rate of dye.
The reduction in degradation rate beyond 5 bar inlet pressure can
be attributed to the condition of choked cavitation as discussed ear-
lier. As the pressure increases, more number of cavities are formed
resulting into the formation of vapor cloud, thereby decreasing the
collapse pressure or intensity of the cavitational collapse event and
hence the extent of the degradation of the dye. The photographic
study of venturi also depicts a similar trend that at a operating con-
dition of pressure higher than 5 bar, choked cavitation occurs (see
Fig. 5¢c-f) which is also in accordance with the optimum (highest
degradation kinetic rate constant) found by experimental analysis.
Sawant et al. [16] have studied the effect of hydrodynamic cavita-
tion on killing of zooplankton. They have observed that at choked
cavitation number condition, very large numbers of cavities are
generated. Such a large number of cavities tend to damp the energy
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Fig. 7. Effect of inlet pressure on degradation rate of RR120 (conditions: volume of
solution: 61, initial concentration: 34 wM, pH of solution: 7.3).

released by the neighboring cavity collapse. Thus, the net energy
available for cell disruption decreases and the zooplankton killing
rate reduces. Hence cavitation device should always be operated
at a cavitation number higher than choked cavitation number as
it generates maximum cavitational intensity and cavities collapse
individually, giving the most effective energy utilization.

Senthilkumar and Pandit [22] have also shown that with an
increase in the venturi inlet pressure the pressure drop across the
venturialso increases, resulting in an increase in the cluster collapse
pressure. They have also found that the cluster collapse pressure
or the cavitational intensity increase with an increase in the inlet
pressure reaching to the maximum and then decreases for the rea-
son specified above. The observation reported in Fig. 8 is consistent
with the above discussion and earlier similar observations.

3.5. Effect of cavitation number (Cy)

Fig. 8 shows the effect of cavitation number on degradation of
RR120. It was observed that the rate of degradation increases with
a reduction in cavitation number, reaches a maximum and then
drops. The maximum degradation rate was achieved at a cavita-
tion number of 0.15 (achieved at an operating pressure of 5 bar).
As the cavitation number decreases, more number of cavities are
generated [23]. The increase in the number of cavitational col-
lapse pressure pulses and OH* radicals thus generated also increase,
resulting into an increased degradation rate. The degradation rate
decreases with further decrease in cavitation number (C, <0.15).
This may be because of reduced cavitational intensity due to excess
numbers of cavities inside the venturi at very low cavitation num-
ber. Once the cavitation device is completely filled with a lot of
cavities (choked cavitation) these cavities start coalescing to form
a larger cavitational bubble (cavity cloud). These larger bubbles
escape the liquid without collapsing or result into an incomplete
collapse, thus reducing the cavitational yield (reduced degradation
rate after C, <0.15) in terms of the reduced generation of OH® rad-
icals. Where, the cavitational yield can be defined as number of
molecules degraded per unit energy dissipated. Senthilkumar et al.
[24] have carried out decomposition of aqueous KI solution using
hydrodynamic cavitation. They have shown that iodine liberation
increases with a decrease in cavitation number, reaches to the max-
imum and then drops. The optimum cavitation number found in
their work was in the range of 0.15-0.25 for all the orifice plates
studied in their work, which is similar to the optimum found in our
work using venturi.
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Fig. 8. Effect of cavitation number on degradation rate of RR120 (conditions: volume
of solution: 61, initial concentration: 34 wM, pH of solution: 7.3).
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Fig. 9. Effect of solution pH on degradation rate of RR120 (conditions: volume of
solution: 61, initial concentration: 34 WM, inlet pressure: 5 bar).

3.6. Effect of pH

The effect of medium pH was investigated by carrying out exper-
iments at different pH in the range of 2-11. All the experiments
were carried out at 5 bar venturi inlet pressure and 34 uM initial
dye concentration. Fig. 9 shows the effect of pH on the degrada-
tion rate of RR120. The results indicate that the rate of degradation
increases with a decrease in solution pH i.e. acidic medium is more
favorable for the degradation of dye. Much lower degradation rate
was observed at pH 10.0. About 60% decolorisation and 28% reduc-
tion in TOC was obtained in 3 h at pH 2.0 using HC operating at
5 bar pressure. The enhancement in the degradation rate at lower
pH can be attributed to the fact that dye molecule is present in the
molecular state at lower pH. In its molecular state, dye molecule
becomes more hydrophobic, and hence can easily locate or pre-
fer to be at the gas-water interface of the collapsing cavities. At
the interface of cavities, the dye molecule is then subjected to the
direct attack of OH* radicals, resulting into increased degradation
rate. Whereas in the basic medium (pH>7.0) the dye molecules
get ionized and become hydrophilic in nature, thereby remain in
the bulk liquid. Due to the recombination of OH* radicals, only a
small fraction of the generated OH* radicals diffuse into the bulk
resulting into lower concentration of OH* radicals being used and
made available for the oxidation of the dye as only about 10% of the
OH?° radicals generated in the cavity can diffuse into the bulk solu-
tion [25]. This causes a reduction in the rate of degradation. Ince
and Guyer [26] have studied the effect and hence the subsequent
impacts of pH and molecular structure on ultrasonic degradation of
azo dyes. They have explained that the acceleration in decolorisa-
tion of dye by acidification is due to neutralization of the dyes upon
protonation of negatively charged SO5;~ sites, and the hydropho-
bic enrichment of the molecules to enhance their reactivity under
ultrasonic cavitation. While percentage reduction in decolorisation
under alkaline conditions is a consequence of ionization of the dyes
by hydrogen loss from protonated sites and naphthol-OH, result-
ing in enhanced hydrophilic character to the dye, which does not
accumulate at the cavity-water interface and hence is not affected
significantly by the cavitational event.

3.7. Effect of H,0,

In the case of hydrodynamic cavitation based degradation of
dye, the controlling mechanism is the free radical attack. The use
of H,0, should enhance the degradation rate due to the generation
of additional free radicals. Fig. 10 shows the effect of the addition
of HyO, on the degradation rate of RR120. Different molar ratios
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Fig. 10. Effect of H,0, addition on degradation rate of RR120 (conditions: volume of
solution: 61, initial concentration: 34 WM, pH of solution: 2.0, inlet pressure: 5 bar).

of dye to H,0, concentration were selected ranging from 2.5 times
to 100 times. All the experiments were carried out at 5 bar venturi
inlet pressure and 34 wM initial dye concentration and at pH 2 for
a fixed time (180 min) of operation. It was observed that the degra-
dation rate of dye increases with an increase in the concentration
of H,0,. Almost 100% decolorisation and 60% reduction in TOC was
obtained at 2040 M concentration of added H, O, (ratio of 1:60) as
compared to only 60% reduction in color and 28% reduction in TOC
in case of no H,0, (HC only). There was no further enhancement
in the rate of degradation of dye after 2040 wM concentration of
added H,0, and also no improvement in percentage reduction of
TOC was observed after 2040 .M concentration of H,0,. Thus, the
optimum concentration of hydrogen peroxide can be considered as
2040 wM, which gives a molar ratio of 60:1 (H,0,:dye concentra-
tion). The addition of H, O, provides the additional OH* radicals for
the oxidation of dye molecules, which causes increase in degrada-
tion rate. The scavenging of the OH* radicals is continuously taking
place during the treatment time by H,0, itself and due to the
presence of other scavenging species such as oxygen, SO42~ ions
and due to recombination of OH* radicals. Therefore, the combined
effect of HC and H, 0, will be very much dependent on the utiliza-
tion of the generated free radicals by the dye molecules. It was also
observed that only 13.15% decolorisation takes place in 3 h with
normal stirring (no HC) and with the addition of 2040 uM H,0,.
Thus, the combination of HC and H,0, gives better result as com-
pared to individual operation of these advanced oxidation process,
since hydrodynamic cavitation enhances the micro mixing and
thereby increases the effective utilization of OH* radicals by pollu-
tant molecule. Teo etal. [27] have also reported a similar conclusion
about the effect of H,0, on the degradation of p-chlorophenol
using ultrasound. They have reported that the degradation rate
increases with an increase in the hydrogen peroxide concentra-
tion reaching to the maximum at 20 mM concentration of H,0,
for an initial concentration of 0.4 mM (giving an optimum molar
ratio of 50:1) which is very similar to the optimum found in this
work.

3.8. Mineralization study

The final products from the oxidation of dye are some inter-
mediates, CO, and H,O. These intermediates are expected to
be aromatic compounds which also accounts for the TOC of
the solution. Zhang et al. [28] have carried out study on the
decomposition pathway and reaction intermediate formation of
the Reactive Red 120 dye during ozonation. They have found
that various aromatic compounds are formed such as phenol,
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1,2-dihydroxysulfobezene, 1-hydroxysulfonbezene, 4,6-diamino-
1,3,5-triazine-2-o0l, 2,4-diamino-6-chloride-1,3,5-triazine and 2,4-
hydroxy-6-chloride-1,3,5-triazine. Therefore the measurement of
dye concentration spectrophotometrically does not guarantee the
complete mineralization of dye as it only gives the reduction in
color. Mineralization is the complete oxidation of dye molecule into
CO, and H,0. So, in order to observe the complete mineralization of
dye, TOC was measured at different optimized parameters. Fig. 11
shows the percentage reduction in TOC with respect to time for the
dye solution treated by HC alone and by HC+H,0,. It was found
that TOC reduced by 28% of the original while 60% decolorisation
was observed when the degradation was carried out with hydro-
dynamic cavitation alone. The addition of H,O, enhances the TOC
removal, around 60% TOC (100% decolorisation) is reduced by the
addition of 2040 wM of H, O, in combination of HC at pH 2.0. It was
also observed that the decolorisation of dye is a relatively faster
process as compared to the mineralization process. The rate con-
stant for the decolorisation and mineralization (i.e. TOC reduction)
processes was found to be 7.54 x 10~3 min~! and 2.5 x 10~3 min~!
respectively when the degradation was carried out in hydrody-
namic cavitation alone and it increases to 95.5 x 10~3 min~! and
14.3 x 1073 min~! with the addition of 2040 pM of H,0,. Almost
100% decolorisation is achieved within 15 min, whereas 60% reduc-
tion in TOC was observed after 90 min with the addition 0of 2040 uM
of H,0, in the case of HC. Madhavan et al. [4] have also observed
that TOC removal rate was much less than that of the decolorisation
process under the same experimental conditions due to the forma-
tion of more stable intermediates in the process of decolorisation.

4. Conclusions

In this work the degradation of Reactive Red 120 dye was car-
ried out using hydrodynamic cavitation. Effects of different process
variables such as inlet pressure, cavitation number, solution pH and
addition of H,O, on the degradation kinetics were studied. The
following important conclusions can be drawn from the present
work.

1. The rate of degradation was found to be dependent on the ven-
turi inlet pressure and cavitation number. Inlet pressure and the
cavitation number are the two important operating parameters
in the case of hydrodynamic cavitation which affects the cavita-
tional condition inside the venturi, hence the degradation rate of
the dye. The photographic study shows that at an operating ven-
turi inlet pressure higher than 5 bar, choked cavitation occurs

which results into reduced cavitational yield and hence cavita-
tion device should be operated at a cavitation number higher
than choked cavitation to get the maximum effect.

2. The degradation of RR120 was found to be pH dependent and
acidic medium was found to be favorable for the higher degrada-
tion. It was found that operating pH, state of molecule (whether
molecular or ionic) and nature (hydrophobic and hydrophilic)
are the important parameters which ultimately decide the effi-
cient degradation of pollutants.

3. The addition of H,O, enhances the degradation rate due to addi-
tional hydroxyl radicals available for the oxidation of dye and
shows a synergy. However, this has also an optimum concen-
tration of H,0, beyond which, no further enhancement was
observed.
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