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Buxopucmannus xasimauiinux mexmosnoziii ons npo-
uecie ovumenna cmiunux 600 icupxomoinamy ooun i3
nePCneKmusHUX Memooié 0Nl NOKPAu,eHHs NOKA3HUKIG
axocmi 6odu. Byno 3anpononosano nodauy 6 xaeima-
UilinY 30HY 2a3i6 Pi3noi npupodu, a came: azomy, KUCHIO,
noeimpsi, cymiwii azomy ma KucHio y cnigéionowenni 1:1.

Hocnioceno ennue npupoou 6apéomosanux 2asie, ax
6 ymoeax 0ii Y3 max i 6e3 nv020, Ha 3Miny Ximiunozo cno-
JHCUBAHHA KUCHIO ma MiKpobHozo wucaa. Pospaxosano
epexmueni Koncmanmu weuodKoCmi pyiunyeanHs opeamiv-
HUX cnoayx ma Gionoziunux 3adpyonens. Bcmanosneno,
W0 HAll6UW,020 3HAMEHHS ePeKMUBHOT KOHCIMAHMU WEUO-
Kocmi 3nesapaxcenns 6oou 6i0 MO (5,13-10—-4 c—1) 6yno
docsenymo npu 6apéomyeanni azomy. Haiieuwozo 3na-
YeHHA CMYneHs 3HE3APANCEHHs 600U 6 KAGIMAUIUHUX
ymogax (99,9 %) 6yno docsaenymo 6 ammocepi azomy,
a cmynens pyuHy8anus opeaniunux cnoayx — 64,3 % npu
oonouacHii 0ii nosimps ma yY3.

Busnaueno, wo npoyec pyiinysanns opzanivHux 0oMi-
WOK Mma 3He3apadceHHs CMmiMHUX 600 NcupkomoiHamy
MOYMCHA onucamu 3acmocyséasuiu KiHemuuHe Pi6HAHHS
neputozo nopaoxy. Bcmanoeneno sionocui psaou enausy
npupoou docaiorcysanux 2a3ieé Ha Kasimauiune ouuwen-
Hsl 600U.

Hokazano, wo ovuwenna cmivnux 600 HCUPKOMOIHA-
my npu oonouacrnomy bapéomyeanni 2asis y xasimauiine
noJjie npu pyiHyeanHi opeanivHux cnoayx Ha 5-35,7 %,
npu 3nesapasicerni 600u 6i0 MO na 1-90,5 % eexmus-
Hiwe, nidc 0isa camoezo Y3.

Buxopucmanns 3anpononosanoi xasimauiitnoi mexuo-
710211 015 ouUMWenHA CMIMHUX 600 JicUpKoMbIHamy 00360-
JI€ nosHicmio 3nezapazumu 600y 6io wxioaueux MO ma
00HOUacHOz0 pylinyeans opzanithux penosut. Ile dozeo-
JIA€ YCYHYMu He2amuGHUN 6NIUE WKIOJIUGUX PEHOBUH, K]
MiCmMAMBCA Y CMIMHUX 800aX 015 30epediceHn s HABKOTUUL-
Hb020 cepedosuuia ma 6001020 Gacetiny Yxpainu

Kmouoei cnoea: cmiuni 600u, xaeimauis, owuuie-
M, npupooa zasie, opeamniuii CNOAYKU, Mikpo6ioaoziuHi
3a0pyonenns

| =,

1. Introduction

One of the relevant issues in the production of food is
the disposal of wastewater or subsequent use of water that
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was already cleaned. Wastewater of oil-fat production is
characterized by a high content of organic and biological
contamination of different nature. The main pollutants of
wastewater of extraction and refining workshops are organic




substances (neutral fats, phospholipids, organic acids, etc.)
that are in a dissolved form, as well as in the form of sus-
pended solids and emulsions. Such emulsions are colloidal
structures, in which dispersed phase is a fluid. The two fluids
are non-soluble or poorly soluble in one another. Stability
of such emulsion is caused by the ratio of densities of the
phases. Density of dispersion medium is close to the density
of dispersed phase, which is why such emulsion is stable in
terms of sedimentation.

One of the modern technologies of water cleaning from
harmful contamination is the use cavitation phenomena in
the water medium. Industrial use of cavitation processes in
various industries proves high effectiveness of this method
for cleaning the water medium. It was found that an effective
method for reducing the amount of pollutants in wastewater
is the use of gases of different nature under conditions of cav-
itation [1]. The use of acoustic cavitation allows intensifying
the processes of water cleaning from organic and biological
contaminants. Ultrasound waves have a harmful effect on
different microorganisms: cause decomposition of high-mo-
lecular compounds, coagulation of proteins, inactivate en-
zymes, toxins, cause a rupture of the cell wall, etc.

The use of acoustic cavitation that successfully improves
decontamination and cleaning wastewater depending on a
correct combination of cavitation cleaning of various gases
in the atmosphere is effective nowadays. It is the use of such
new technologies of cleaning food production wastewater
that is a relevant problem of today.

2. Literature review and problem statement

Cavitation (from lat. Cavitas — void, cavity) is formation
of cavities, filled with gas, steam or an appropriate mixture
(cavitation bubbles), inside fluid, i.e. disruption of fluid
integrity.

Cavitation occurs as a result of a local decrease in pres-
sure in a fluid up to a certain critical value p,, (in actual fluid
the value of p,, is close to pressure of saturated vapor of this
fluid at a given temperature) [2]. Phenomenon of cavitation
can occur either at an increase in fluid velocity (hydrody-
namic cavitation), or at passing of an acoustic wave of great
intensity during the semi-period of dilution (acoustic cavi-
tation) [3].

In other words, depending on the method for cavitation
creation, it is possible to enhance effectiveness of the expect-
ed cavitation effect for various chemical and biochemical
processes.

The use of the cavitation phenomenon for various indus-
tries is now developing intensively and existing cavitation
technologies are improved [4]. Cavitation equipment, based
on the phenomenon of hydrodynamic cavitation, is effective
mixing, activating, dispersing and homogenizing equipment
of the new generation, capable to significantly intensify
and accelerate technological processes in liquid media. The
drawbacks of this cavitation are the absence of the “after
effect” and power consumption of the process [5].

At acoustic cavitation in the frequency range of 5-50 kHz,
magnetostrictive emitters, operating in the resonance mode,
are used. The geometric dimensions of a wave-like system,
optimal in terms of structures of emitters and components
from a few centimeters to tens of centimeters contribute to
this [6]. It is common for acoustic ways of cavitation creation
that cavitation is excited and evolves in the same separated

area of fluid, which is called a cavitation area or a cavitation
cloud. Thus, the element is repeatedly influenced by the vol-
ume of gas-liquid medium, which leads to gradual changes
of certain properties (gas saturation, bubble dimensions,
temperature), and these changes are practically uncontrol-
lable [7].

The phenomenon of cavitation has been widely used in
petrochemical industry, particularly the use of ultrasound
(US), to remove water from emulsions of crude oil without
the use of chemical reagents — demulsifiers. The experiments
were carried out in the ultrasound bath at frequency of
35 kHz. Separation of water from the emulsion of crude oil
was observed for all the studied emulsions. Effectiveness of
demulsification of up to 65 % was obtained for the emulsion
with water content of 50 %. A higher demulsification effect
was obtained at temperature of 45 °C, US power of 160 W
and a cleaning time of 15 min [8].

The optimal frequency of US for cleaning of crude oil was
examined in paper [9]. Experiments were conducted using
ultrasound baths that worked at the following frequencies: 25,
35, 45, 130, 582, 862 and 1,146 kHz and synthetic water-oil
emulsions with 12 %, 35 % and 50 % of water. Demulsification
of crude oil was achieved in the frequency range of 25-45 kHz
for all studied emulsions. At a frequency that is above 45 kHz,
no changes in characteristics of crude oil were observed. Ef-
fectiveness of the emulsion of around 65 % was achieved at the
frequency of 45 kHz after 15 minutes of the US application.

Modern development of cavitation technology allows
using a constant wave in high US frequencies of more than
400 kHz to facilitate separation of oil from solids [10]. At fre-
quencies of more than 400 kHz, large constant waves at low
amplitudes are formed. This provides additional segregation
of particles based on such properties as density and compres-
sion. Moreover, ultrasound waves have the ability to change
the relationship of fat globe through acoustic pressure. In ap-
propriate conditions, an aggregation of globules is observed.

When cleaning oil from oil sludge [11], individual effects
of five different factors on the combined process (US and
freezing/melting) were studied. They are the following fac-
tors: US power, duration of US action; the ratio of water and
sludge in a suspension, as well as concentration of bio-sur-
factants (ramnolipids) and food salt (NaCl). The rate of oil
production of up to 80 % was observed at US power of 66
Watt and duration of US cleaning of 10 min, when the ratio
of sediment and water was 1:2 without adding biological sur-
face-active substances and salt. The study of certain factors
revealed that addition of low concentration of ramnolipids
(<100 mg/dm?) and salt (<1 %) to sludge improves oil clean-
ing while using the combined method.

US influence on oil viscosity was studied in article [12],
particularly the influence of US waves at frequencies of 25,
68 kHz and different powers of 100, 250 and 500 Watts on
viscosity of paraffin, synthetic oil and kerosene was explored.
The experiments were conducted both under controlled and
uncontrolled temperature conditions in a smooth capillary
tube. The results showed that fluid viscosity decreases under
the influence of US, and it is associated with induced heat
generation and cavitation in fluid.

Industrial wastewater is the most powerful man-made
source of pollution of natural waters. Large volumes of for-
mation and instability of chemical composition are typical of
these pollutants. In addition, industrial wastewater can be
formed non-systematically, which complicates the problem
of disposal.



At cleaning wastewater of an alcohol plant from organic
wastes using cavitation in the presence of various gases,
it was shown that the joint action of gases and US is by
22—44 % more effective than the action of the US alone and
by 12-25 % more effective than only bubbling of gases [13].
The identified synergistic effect of the joint application of gas
and US for cleaning wastewater of an alcohol plant proves
feasibility of gas supply to the cavitation zone.

Destruction of microorganisms (MO) under the influ-
ence of physical-chemical and biological factors is observed
in several studies. The US is used to sterilize water, sub-
strates [14], to destroy cells during the manufacture of vac-
cines, to release enzymes [15], toxins, and nucleic acids [16].

Industrial wastewater of a fat-and-oil plant is contaminat-
ed mainly by production waste and emissions. Such industrial
wastewater is mostly polluted with organic substances, due
to which cleaning plants are not able to clean contaminated
water to the level of sanitation requirements. If the biological
component is added to such water composition, it is necessary
to use combined methods for water cleaning. Carrying out re-
search to decontaminate water of a fat-and-oil plant using US
and fortifying its action in atmospheres of various gases would
make it possible to increase effectiveness of these processes
and is a relevant problem of today.

3. The aim and objectives of the study

The aim of this research is to study effectiveness of the
processes of cavitation cleaning of wastewater of a fat-and-
oil plant from organic and biological contaminants in the
atmosphere of different gases.

To achieve the set aim, the following problems were
solved:

— to determine the influence of the nature of air, nitro-
gen, oxygen and the mixture of nitrogen and oxygen in the
ratio of 1:1 on the process of cleaning water of a fat-and-oil
plant both under cavitation conditions and without them;

—to establish kinetic regularities and features of in-
fluence of ultrasonic cavitation on the process of cleaning
wastewater of a fat-and-oil plant depending on the nature of

the bubbled gas.

4. Materials and methods to study the influence of gases
on the cavitation wastewater cleaning

4. 1. Examined materials and equipment used in the
experiment

When studying the influence of the nature of the bubbled
gas on the process of cavitation cleaning of wastewater, the
following gases were used: air, nitrogen, oxygen, the mixture
of nitrogen and oxygen in the ratio of 1:1.

As supplementary substances, we used: potassium
dichromate KyCryO7, Mohr’s salt, concentrated sulfuric
acid, solution of N-phenylanthranil acid, distilled water,
sterile water, meat-peptone agar (MPA: meat (1 dm?®), pep-
tone (10 g), agar (15 g)).

The object of the study was the actual wastewater from
JSC “Lviv Fat-and-Oil Plant” (Ukraine). Water sampling
was conducted before the cleaning system of this produc-
tion. This wastewater is characterized by a high content
of both organic substances and biological contaminants,
specifically, the original values of COD were in the range of

470.4-1116.16 mg O,/dm3, the original values of MN( were
in the range of 726-103-10,188-10° CFU/cm?, the content of
solids was 1.5-1.7 %, acidity 0.12—0.15 %, pH was 6.3.

Research into influence of cavitation on the process
of destruction of organic and biological contaminants in
wastewater of a fat-and-oil plant was held in the reactor
from stainless steel of grade HI8NIT. US oscillations of fre-
quency of 22 kHz from a low-frequency generator USDN-2
(Ukraine) (power 90 W) were passed with the help of mag-
netostrictive emitter, immersed in the volume of the studied
water. The initial values of chemical consumption of oxygen
and of microbial number were previously established. The
fittings for sampling, supply and exit of gases were mounted
in the reactor.

4. 2. Procedure for determining wastewater quality
indicators

The following basic indicators are used in the process of
studying the quality of water cleaning: biochemical oxygen
demand (BOD), chemical oxygen demand (COD), total or-
ganic carbon (TOC) and microbial number (MN).

In the world practice, there are numerous standards for
determining BOD, such as SFS-EN 1899-1 (SFS-EN 1899-1),
APHA standard 5210 B (APHA, 1998) and OECD 301
F-Guide (OECD, 1992). For wastewater sampling, the
measurement standard is five days (BODs) at 20 °C, but
other time and temperature can also be used. In Finland, for
example, the typical measuring time is seven days (BOD7)
(Karttunen, 2003). The value of COD is determined accord-
ing to the standard APHA 5220 “Chemical oxygen demand
(COD)” [17].

In the study of wastewater of a fat-and-oil plant, the
main indicators of the wastewater quality were the values
of BOD and MN. In parallel with determining BOD and
MN, effective constants of the rate of destruction of organic
compounds and biological contaminants (k) and degree of
destruction of organic compounds D (COD) and degree of
water disinfection D (MN) were determined.

COD was determined by the bichromatic method. COD
is the amount of oxygen (in mg), which is required for chem-
ical oxidation of all organic and inorganic reducing agents in
1 dm? of water. The initial values of CODy were in the range
of 470.4-1,116.16 mg O,/dm?. To visualize the experimental
data, the original values were represented in the form of
COD/COD,.

Effective constant of the rate of destruction of organic
compounds was determined using a kinetic equation of the
first order.

Degree of destruction of organic compounds (in %) was
calculated from the formula:

COD-100

D(COD)=100-
COD,

M

where CODy is the initial value of COD, mg O,/dm?; COD
is the current value of COD at moment 1, mg O,/dm?.

Determining MN implies determining the total number
of microorganisms (MO), able to grow on meat-peptone
agar at temperature of 37£0.5 °C for 24£2 h in 1 ml of water.
Subsequently, we kept record of colonies that grew up in
this medium. Cultivation of the studied MO was carried out
using the depth method.

MO were grown in the thermostat at constant tempera-
ture of 37 °C and duration of 48 hours for bacteria [18]. Orig-



inal values of MN( were in the range of 726-103-10,188-10°
CFU/cm?. For better visualization of the experimental data,
original values were presented in the form of MN/MN,.

Degree of water disinfection (%) was calculated from
formula:

MN-100

D(MN)=100—-
MN,

, (2)

where MNj is the original value of MN, CFU/cm?; MN is the
current value of MN at moment 1, CFU/cm?.

5. Results of studying the wastewater quality indicators

Results of determining COD of wastewater of a fat-and-
oil plant depending on cleaning duration in the presence
of gases of different nature: nitrogen, oxygen, air and the
mixture of nitrogen and oxygen in the ratio of 1:1 are shown
in Fig. 1.

At the influence of the four above mentioned gases,
the least effective is bubbling of the mixture of nitrogen
and oxygen and only nitrogen. We observe a decrease to
718.08 mg O,/dm?, which is by 1.1 times smaller in compar-
ison with the initial value when using gas mixtures. When
using nitrogen, we observed a decrease to 672 mg O,/dm?,
which is by 1.2 times less as compared to the initial value.
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Fig. 1. Character of dependence of ratio COD/CODg on time

of cleaning wastewater of a fat-and-oil plant in presence of

gases of different nature: 1 — Ny; 2 — air; 3 — O 4 — N,+0,

The influence of oxygen is mediocre; a decrease is up to
563.2 mg O,/dm?, which is by 1.5 times less than the orig-
inal value.

While studying wastewater in terms of destruction of
biological contamination (Fig. 2), we obtained the data that
indicate that during one hour of nitrogen bubbling and at
the action of oxygen, the similar effect of an increase in MN
is achieved. However, further influence of nitrogen bubbling
contributes to a sharp decrease in MN within the last 30
min of the experiment, a decrease in MN by 1.5 times, which
corresponds to the final value of MN - 1,596-10> CFU/cm?.
During bubbling the air and a gas mixture for one hour, we ob-
serve better results — MN decreases from 4,080-10° CFU/cm?
to 2,840-10% CFU/cm? for the air and from 6,300-10> CFU/cm?
to 2,702-103 CFU/cm? for the gas mixture, which is by 1.4
and 2,3 times less than the original value, respectively. At
subsequent water cleaning, air and oxygen bubbling within
the next hour of experiment contributed to an increase in
MN, which indicates inexpediency of decontamination of
wastewater of the fat-and-oil plant in the atmospheres of

these gases. The best result of water disinfection was ob-
tained when using the gas mixtures — a decrease in MN is by
2.1 times of the original value.

1,6
1,4

1’2 m e

z 1,0 © J s J

é 08 §-o—1 ——2 \
" \o o]\
y \5\ M]\J]

0,2

0 1800 3600 5400 7200
Time, s

Fig. 2. Character of dependence of ratio of MN /MNg on
duration of cleaning wastewater of fat-and-oil plant in
presence of gases of various nature:
1= Ny 2 —air; 3— 0y 4 — N,+0O,

Comparing the influence of the above gases under cav-
itation conditions for destruction of organic compounds,
we observe a decrease in COD within all time of research
depending on the nature of bubbled gas (Fig. 3).
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Fig. 3. Character of sound and chemical dependence of ratio
COD/COD on duration of cleaning wastewater of
fat-and-oil plant under different conditions of the process:
1—Ny/US; 2 —air/US; 3 —0,/US; 4 — N,+0,/US; 5 — US

Some of the best results were obtained at US water
cleaning in the atmosphere of nitrogen — a decrease in the
concentration of organic compounds by 1.75 times was ob-
served.

The best effect was achieved when using the air in the
sonicated medium. Within two-hour cleaning, the value
of COD decreased to 336 mg Oy/dm?® of the initial value,
which corresponds to the decrease by 2.8 times and indicates
a decrease in the concentration of organic compounds. Si-
multaneous action of oxygen with US, the gas mixture with
US showed the desired results — COD decreased by 1.6 and
2 times respectively.

Fig. 4 shows comparative characteristics of the influence
of cavitation on the process of water disinfection in the
atmosphere of the studied gases. The influence of US alone
and the joint influence of the air with US on the studied
water have the smallest effect of a decrease of MN up to



4,672-103 CFU/cm? and 3,696-10° CFU/cm?® respectively.
At the action of the gas mixture with US within the first
30 minutes of the experiment, a decrease in the value of
MN of up to 3,740-103 CFU/cm? was achieved. MN did not
change significantly till the end of the experiment, and at the
120 min it decreased by 1.01 times at the action of the air and
by 0.66 times at the action of the gas mixture and US.
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Fig. 4. Character of sound and chemical dependence of ratio

MN/MNj on duration of cleaning wastewater of fat-and-oil

plant under different conditions of the process: 1 — N, /US;
2 —air/US; 3 —0,/US; 4 — N,+0,/US; 5 — US

However, the desired and almost identical effect was
achieved within the first 30 min during bubbling nitrogen
and oxygen in the sonicated medium. The joint action of
oxygen with US made it possible to decrease MN from
2,014-10% CFU/cm? to 92103 CFU/cm?, which corresponds
to a decrease by 21.89 times from the original value. As far
as the action of nitrogen in the sonicated medium is con-
cerned, we managed to achieve the decrease in MN from
1,357-103 CFU/cm? to 7-10% CFU/cm?, which corresponds to
the decrease by 193.8 times of the original value. Eventually,
the highest germicidal effect was achieved during the joint
action of nitrogen and US after minute 12 of the study, MN
is 1-10% CFU/cm3, which in by 1,357 times less than the
original value. The influence of US in the atmosphere of ox-
ygen reaches an insignificant decrease in the value of MN to
418103 CFU/cm?.

To determine the order of the reaction and effective
constant of the rate of destruction of organic substances and
water decontamination on the MN, the kinetic equation of
the first order was used.

Straightening in coordinates In (COD/CODy) - t
(Fig. 5) and In (MN/MNj) — t proves that the process of
cleaning wastewater of the fat-and-oil plant from organic
and biological contaminants can be described by a kinetic
equation of the first order.

When studying the kinetics of the process of wastewater
cleaning in the US conditions under the influence of various
gases (Fig. 5), we observe that the highest effective constant
of the rate of destruction of organic compounds is reached
when using the air and US — 1.5-10 s°1.

Analytical determining of effective constants of the rates
of destruction of organic compounds and of decontamination
of wastewater of the fat-and-oil plant from MO was carried
out using the integral method from the relevant equations:

COD
n -

In—=
COD,

-k, 3)

In =—Fkr, %)

where £ is the effective constant of rate, ¢!; 7 is the time of
destruction of organic substances or MN in wastewater, s.
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Fig. 5. Semi-logarithmic dependence of COD /COD, of
wastewater of fat-and-oil plant on duration of sonication:
1—=Ny/US; 2 — air/US; 3 — 0,/US; 4 — N,+0,/US;
5-US

Table 1 shows that in order to destroy organic contam-
inants, the atmosphere of the air contributed to achieve-
ment of the highest value of effective constant of the rate,
it was achieved at the joint action of the air with US (k=
=1.510"% s1), and without US, £=0.76:10"* s!, which is
2 times lower. The action of all gases under cavitation condi-
tions contributed to an increase in effective constant of the
rate of destruction of organic substances compared to the
influence of the US itself.

Table 1

Comparative characteristic of effective constants of the
rates of the process of cleaning wastewater of the fat-
and-oil plant from organic and biological contaminants in
presence of gases of different nature

Con- COD MN

ditions | With US | Without US| With US | Without US

of the | £.101 k101 k104 k104

process | 1 | R | ¢ RO RO R
N, 074 | 0.74 | 0.26 | 0.77 | 5.13 | 0.17 - -
(o2} 0.64 | 0.55 | 0.66 | 0.74 | 3.79 | 0.53 - -
air 1.5 1079 | 0.76 | 0.65 | 1.03 | 0.80 - -

Ny+O, | 0.85 | 0.84 | 0.14 | 0.58 | 1.05 | 0.40 | 1.40 | 0.61
US 0.18 | 0.17 - - 0.34 | 0.80 - -

The lowest value of effective constant of rate, which
contributed to destruction of MO, was obtained during the
action of the US (k=0.34-10"* ¢!). Approximated values were
achieved by bubbling the air and the mixture of gases (ni-
trogen and oxygen in the ratio of 1:1) in sonicated medium,
specifically, 1.03-10 s7! and 1.05-10"% s ! respectively. Joint
action of oxygen with US and nitrogen with US showed
the best values of effective constant of rate — 3.79-10* s’
and 5.13-10* s°!, which is by 11 and by 15 times higher than
during the action of the US alone.

During bubbling of the studied water with nitrogen, air
or oxygen, the number of MO and respectively of MN in



wastewater increases, which makes calculation of effective
constants of the rate of bacteria disinfection impossible. But
the joint action of nitrogen with US allowed decreasing the
number of MN with effective constant of rate of 1.4:10" s°1.

To study wastewater of the fat-and-oil plant with high
content of organic substances and microbiological contam-
ination, degree of destruction of organic contaminants and
degree of water disinfection were calculated from equations (1)
and (2) under different conditions of the process. Degrees of
cleaning were calculated for final values of COD and MN (in
120 min of the experiment).

Analyzing the studies that were conducted under cavita-
tion conditions (Fig. 6), we can conclude that the influence
of US alone in the US field (the degree of destruction of
organic compounds is 28.57 %). The degree of cleaning from
organic contaminants during oxygen bubbling shows a medi-
ocre result — 33.3 %. Joint action US with nitrogen and US
with the mixture of gases (nitrogen and oxygen in the ratio
of 1:1) showed similar results that are better than during the
joint action of US with oxygen and the action of US alone
(destruction degree is 42.85 % and 43.75 %, respectively).

64.3

a1 02 w3 m4 @5

Fig. 6. Degree of destruction of organic substances in
wastewater of fat-and-oil plant in 7200 s of the experiment
under cavitation conditions: 1 — US; 2 — 0,/US;
3—Ny/US; 0,/US; 4 — N,+0,/US; 5 — air /US

However, the joint action of US with the air appeared
most effective, the degree of destruction of organic com-
pounds reached 64.28 %, which is by 2.2 times better than
the action of US alone and by 1.5 times better than the ac-
tion of air (42.85 %).

For wastewater disinfection under cavitation conditions,
the action of US alone and bubbling the air with US showed
similar values (9.41 % and 10.28 %, respectively), which
was presented in Fig. 7. Joint action of the mixture of gases
(nitrogen and oxygen in the ratio of 1:1) and US is much
more effective; degree of decontamination reached 53.36 %,
which is almost by 5.2 times higher than the action of the
air with US.

But the most worthwhile is the joint action of oxygen
with US and nitrogen with US, at which degree of water
decontamination of 95.43 % and 99.9 %, respectively, was
achieved, which is by 4.2 and 2.8 times higher than the ac-
tion of gases without sonication. The obtained data allowed
establishing relative series of effectiveness of influence of
the gases’ nature on the process of destruction of organic
compounds and bacteria disinfection in wastewater of the

fat-and-oil plant both under cavitation conditions and with-
out them (Table 2).
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Fig. 7. Degree of decontamination of wastewater of
fat-and-oil plant at 7,200 s of the experiment under
cavitation conditions: 1 — US; 2 — N,+0,/US; 3 — N, /US;
4 —air/US; 5 —0,/US

Table 2

Relative series of effectiveness of the influence of gases’
nature on the process of destruction of organic compounds
and bacteria disinfection in wastewater of fat-and-oil plant

Conditions | Relative series of effec- | Relative series of effec-
of tiveness of impact of gases’|  tiveness of impact of
the process nature on COD gases’ nature on MN
With US | air>Ny+09>Ny>0,>US | Ny>05>Ny+0s>air.>US
Wl::thOUt air.>02>N2>N2+02 N2+02

The atmosphere of the air, both in the presence of US,
and without it, demonstrated highest effectiveness for de-
struction of organic compounds. The US in the presence of
air contributes to an increase in degree of water cleaning by
1.5 times compared with the action of the air. To decontam-
inate wastewater of the fat-and-oil plant without the US, it
is advisable to use only the mixture of nitrogen and oxygen
in the ratio of 1:1. Complete wastewater cleaning from bac-
terial contamination (99.9 %) was achieved under cavitation
conditions in the presence of nitrogen.

6. Discussion of results of studying the influence of
the nature of the examined gases on the processes of
cavitation water cleaning

While studying the influence of nitrogen, air, oxygen and
the mixture of nitrogen and oxygen in the ratio of 1:1 on the
process of cleaning wastewater of the fat-and-oil plant from
organic contaminants, which is shown in Fig. 1, we see a de-
crease in COD during the first hour of the experiment for all
the above-mentioned gases. However, bubbling of nitrogen
and the mixture of nitrogen and oxygen gases in the ratio of
1:1 an hour after the beginning the experiment was inappro-
priate, since an increase in COD was observed. The largest
cleaning effect is achieved at bubbling of the air. Bubbling of
the mixture of nitrogen and oxygen in the reaction medium,
in which both organic and bacterial contamination existed
simultaneously, during the action of the gas within an hour



contributed to an increase in COD due to emergence of new
organic substances that can be formed as a result of destruc-
tion of bacterial contamination. The influence of the nature
of oxygen is less favorable for decreasing COD in comparison
with the action of the air due to existence of aerobic bacteria
in the medium. In other words, the atmosphere of the given
gases was a favorable environment for living of bacterial
contamination.

In parallel with determining water cleaning from organ-
ic compounds, the studies on water decontamination from
MO at the action the same gases were carried out (Fig. 2).
Supply of the mixture of nitrogen and oxygen contributed to
the greatest effect of disinfection of water of the fat-and-oil
plant, whereas the action of nitrogen and oxygen had little
impact on the process of water disinfection.

After analyzing the existing influence of the mentioned
above gases on the process of water cleaning, it was dis-
covered that during bubbling of gases alone, a high degree
of destruction of organic contaminants and water disin-
fection was not achieved. That is why in order to intensify
the action of these gases, the joint use of ultrasonic waves
and mentioned above gases would be appropriate, which is
presented in Fig. 3. A comparative analysis of the impact of
gases in the presence of the US field proves appropriateness
of cavitation influence on the process of destruction of or-
ganic compounds in wastewater of the fat-and-oil plant. The
highest effect was achieved at bubbling of the air under the
cavitation conditions.

Given the data presented above (Fig. 4), it follows that
the joint influence of US and gases simultaneously is most
effective in the process of disinfection of water of the fat-
and-oil plant. Nitrogen showed the greatest disinfection
effect at minute 30 of the experiment almost up to complete
water disinfection, which proves high effectiveness of supply
of this gas to the cavitation area in comparison with the
effect of nitrogen alone. The similar pattern is observed at
bubbling of oxygen and other used gases. Saturation of the
sonicated medium with this or that gas contributes to an
increase in the rate of reaction both at destruction of or-
ganic compounds (Fig. 5), and water disinfection from MO
(Table 1), which was proved by calculated values of effec-
tive constants of reaction rates. Thus, the nature of the gas,
which saturates water during cavitation, plays a significant
role. Gas solubility significantly affects the rate of gas
diffusion to the cavity and, respectively, gas content in it.
Depending on thermodynamic properties of the gas, chem-
ical yield of radicals increases with an increase in effective
temperature of splashed bubbles but decreases at an increase
in heat conductivity of surrounding gases [2].

The most important result of cavitation is initiation of
free radical reactions. Electric charges occur in cavitation
cavities during sonication, due to which water molecules are
exposed to strong ionization. Chemical products, which are
strong oxidizers, occur in the sonicated aqueous medium:

H,O—H++OH,
He+0Oy—HO>e.

It is the oxidizers that determine many chemical reac-
tions, which are caused by the ultrasonic field.

At simultaneous presence of both organic substances
and bacterial contamination in the medium and passing a
certain gas through this water in the presence of US oscil-

lations, there occurs simultaneous influence of cavitation on
contaminated water, intensified by the nature of certain gas.
Inactivation of bacteria and bacterial agglomerates during
sonication is associated with physical, mechanical and chem-
ical effects that occur during acoustic cavitation. Energy,
which is sufficient for weakening or strengthening of bacterial
cells, is created at the collapse of a cavitation bubble; chemi-
cal effect of cavitation is formation of radicals He and <OH.
These radicals attack the chemical structure of the walls of
bacterial cells and weaken it, causing destruction.

At the stage of formation of cavitation cavity, molecules
of carbohydrate and dissolved oxygen get inside and the con-
centration of the latter in a bubble is by two or three orders of
magnitude larger than that in the fluid. Inert gases and the
mixture of gases in the cavitation field manifest themselves
as gases, capable to react, since the rate of cavitation de-
composition of water is determined by the rate of formation
of *ON radical that is capable to react and by thermodynam-
ic properties of the gas. At splashing up the cavitation cavity,
the nature of bubbled gas actually contributes to the concen-
tration of accumulation of dissolved oxygen from water to a
bubble, and this in turn affects the process of destruction of
both organic and bacterial contamination.

A molecule of water in this process is the source of
formation of free radicals, which in turn initiate most of
chemical reactions. Gas, dissolved in water, shows a dual
action. On the one hand, gas provides an excess of germs for
formation of cavitation bubbles. Existence of gas contributes
to improvement of conditions for destruction of bubbles due
to an increase in temperature at compression. This leads to
an increased cleaning effect. On the other hand, it increases
pressure in bubbles and decreases cavitation rate.

The presence of the cavitation cavity or gases that are in
the excited state affects the rate of dissociation of water mol-
ecules. Radicals partially recombine, but the composition of
final radical and molecular products of water decomposition
in the cavitation field depends on the nature of gases, dis-
solved in water.

Thus, the rate of gas diffusion to the cavity and gas con-
tent in it are significantly affected by thermodynamic prop-
erties of gases, specifically: solubility, thermal conductivity,
and specific heat capacity. The highest value of temperature
that is achieved in a cavitation bubble depends on thermal
conductivity of gas under cavitation conditions, the ratio
of specific heat capacities (Cp/Cy) of gas. At an increase in
thermal conductivity of surrounding gases, chemical yield
of radicals decreases. But an increase in chemical yield of
radicals occurs with an increase in the ratio Cp/Cy, i.e.
at an increase in effective temperature of bubbles that are
splashed [2].

It was found that the joint use of US and gas provides an
increase in degree of destruction of organic compounds in
wastewater of the fat-and-oil plant (Fig. 6). The highest val-
ue of 64.28 % was achieved at the joint action of the air and
US, which is by 2.2 times better than the action of US alone
and by 1.5 times better than bubbling of the air alone. The
atmosphere is nitrogen in the US field (Fig. 7) contributes
to complete water disinfection of up to 99.9 %, which again
proved the impact of gas nature under cavitation conditions,
in particular, the rate of intensification of the process of
formation of free radicals He and *OH. These radicals are
strong oxidizing agents in the processes both of destruc-
tion of organic compounds and of water decontamination
from MO. This is proved by the established relative series of



activeness of gas influence on the process of cleaning waste-
water of the fat-and-oil plant under cavitation conditions
and without them (Table 2).

7. Conclusions

1. It is shown that cleaning wastewater of the fat-and-oil
plant during simultaneous bubbling of gases to the cavi-
tation field at destruction of organic compounds is by 5—
35.7 % and at water disinfection by 1-90.5 % more effective

than the action of the US alone. The relative series of effec-
tiveness of the impact of the nature of the studied gases on
the process of cavitation cleaning of wastewater of the fat-
and-oil plant were established.

2.1t was determined that effective constants of the rate
of cavitation destruction of organic compounds and water
decontamination depend on the nature of bubbled gas. The
air demonstrated the best cleaning effect on cavitation de-
struction of organic compounds, and nitrogen — on biological
pollution. The effect of nitrogen in the cavitation field allows
achieving the degree of water disinfection of 99.9 %.
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