u] =,

Cmiuni 600u, wWo Yymeopioromvcs Ha npoMuc-
JN0BUX | KOMYHANLHUX 00’ckmax, niddaromvcs
OUUWEHHIO Y MENHCAX HOPM OONYCMUMUX 3HAYMEHD,
ecmanognenux 3axornooascmeom. Cmoxu mpamnc-
nopmnoi i mypucmuunoi indppacmpyxmypu y 6ine-
wocmi 6unaokié OMUWAIOMBCA NPU HAAGHOCMI
JIOKATHUX OUUCHUX CnopYyO. JTNs ovuwenns cmiv-
HUX 600 HalMacmiue BUKOPUCMOBYEMBCA 01010~
2iuHUll Memo0, AKULL PeaniyemvCs HA CKAAOHUX
i 2POMI3OKUX OUUCHUX, POIMIUCHUX HA FHAMHUX
mepumopiax. OQuuuwenns cmiMnux 600 3 MAAUX
00’exmie 3anpononosano 3oilicnumu Ja0KATb-
HO 3a Di3UK0-eaeKMmpOXiMIYHOI0 MEXHON02iI0 3
Komnaxmuum ycmamxyeaunam. Pospooneno xon-
CMpyKuilo npucmpoio s 06podKu cminnux 600
3 enexmpooamu YUNIHOPpUHHOT popmu, AKi Po3Mmi-
weni Kooxcianvho xopnycy npucmporo. Iloxazano,
wWo Ha nepwiiii cmaoii OMUWEHHA KOMYHATGHUX
cmivnux 600 6 nabopamopHiil ycmanoeui 3 6io-
nogionuMu napamempamu (Kym Haxuy niaouwuH
6 mouxowaposomy eiocmiinuxy=45° i nanpyea
Ha 1-my enexmpuunomy npucmpoi 3 po3uuHHuM
anodom=12 B) zabesneuyemocsa cmynins ouucmxu
610 3asucaux 00 3navenv 95,8 %. Ouuuwenns Komy-
HANGHUX CMiMHUX 600 Ha Opyeill cmadii ouucmxu
(2-ii enexmpuuHull npucmpiii 3 iHepMHUM AHOOOM
nio nanpyeoro 10 Bi invmpauis uepes wap ueonim
KAUHONMINOIIMA) 30iavuye cCmynine ix ouuuenns
6i0 3asucaux 0o 3navenns 96,1 %. Oopoora cmiu-
HUX 600 ABMOMUUKU 6 Nepulomy eJleKmponpu-
cmpoi neped moukowaposum ei0cmiliHuKom ma
8 2-My enexmpuuHOMY NPUCMPOIO 3 THEPMHUM
anodom nio nanpyeoto 10 B i inempauieio uepes
wap yeonimy KaiHonmuaoima, 36irvumye cmynime
ix ouuwenns 6i0 nHagpmonpodyxmie 0o 3navenus
95,6 %. Texnonozisa 3a ynacmio po3poodaenux enex-
mponpucmpoie npueodumv 0o 30ivuenns cmyne-
Hs ouuwents cmivnux 600 3a noxasnuxom XCK do
97,0 %. axa 0ae 3mozy 3menwumu cxuo 3a6pyo-
Henv y 006KinNs na pieni 50—70 %

Kntouosi cnosa: cmiuni eoou, izuxoenex-
mpuune OMUU(EHH CMOKIG, Ueoaim KAUHONMU-
qonim, XCK, zasucni

|l =,
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1. Introduction

At the present stage of development of society, envi-
ronmental protection problems are of particular relevance,
since the processes of reducing the emission of pollution
into water resources are effective. An analysis of the en-
vironmental situation indicates that despite a significant
decline in production, the level of environmental pollution
remains high. One of the main factors of environmental
pollution and environmental safety is the discharge of
wastewater into natural water resources, as they contain
hazardous components. Very often, the main pollutants
of both natural water bodies and soil [1, 2] are petroleum
products (a group of hydrocarbons of oil, fuel oil, kerosene,
oil and their impurities). Through their high toxicity by
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international standards, they are among the ten most
dangerous components of environmental pollution. The
environment is especially polluted by wastewater from
industrial facilities (compressor stations of the pipelines
of combustible hydrocarbons, gas stations, car washes,
summer military training camps and rural schools), which
are located far from urban wastewater purification plants.

Globally on planet Earth, more than 80 % of all waste-
water is discharged without treatment [3]. In Ukraine,
during 20142017, about 3.5 billion m? of wastewater were
discharged into Ukrainian water bodies [4].

Small utilities discharge wastewater in smaller quanti-
ties, but their composition is always specific. Contaminant
content can be significantly greater than the allowable dis-
charge value.



The number of cars on the roads is constantly growing
and the scope of their service, namely, the number of gas
stations, car washes along the roads is growing every year,
therefore, the amount of wastewater from these facilities
increases accordingly.

Wastewater generated at small facilities (up to 100 m?
per day) is communal (tourist estates, summer camps for
schoolchildren, military exercises, recreation facilities on
the sea coast, rural schools, infectious diseases hospitals
outside settlements) and infrastructure (gas stations, car
washes , campsites) are generally not cleaned on site. They
are discharged into municipal wastewater networks of cities
or towns directly into rivers and are not treated at all, which
leads to pollution of water resources.

In Ivano-Frankivsk region, about 300 million m3 of
wastewater was discharged in 2018 [5, 6], including ad-
ditionally small objects. Approximately their number for
the Ivano-Frankivsk region [7] in 2017 amounted to about
269.0 thousand m®. The amount of pollutants discharged
with wastewater in 2017 was as follows: suspended, in tons —
9.2; dry residue, in tones — 358.3; oil products, in kg — 47.0:
Calcium, in tones — 47.8, NOy, in tones — 0.6; Cl~, in tones —
521, P205, in kg - 1.96.

So, the wastewater discharge into the hydrosphere neg-
atively affects the quality of water that the population con-
sumes. Therefore, the discharge of polluted effluents into
water from small objects without treatment is an extremely
urgent problem.

2. Literature review and problem statement

To develop a technology for wastewater purification
from small treatment facilities, realistically drained waste
water from Ivano-Frankivsk are used. According to [7],
in 2017 in the Ivano-Frankivsk region 250 thousand m?
of municipal wastewater were discharged from the city of
Ivano-Frankivsk. In the wastewater of oil transportation
enterprises and road infrastructure (overpass, gas station,
car wash) There are oil and oil products, which, after wa-
ter separation, can be collected in the national economy.
Chemical impurities, such as detergents, are separated by
special chemical methods, and therefore it is advisable to use
separate wastewater collection and a combined treatment
system here.

Basically, treatment facilities include mechanical, phys-
ico-chemical, biological treatment [8]. Mechanical purifi-
cation facilities include sand traps, oil traps, water traps,
and others, where coarse-dispersed impurities are visible,
and physicochemical treatment facilities include plants [9],
which congeal chemical reagents, such as coagulants for
colloidal impurities.

A review of publications [10, 11] on wastewater purifi-
cation and equipment designs shows that they mainly use
earthen open windows and biological treatment, which is
energy-intensive. Such treatment facilities occupy large
territories, and the purification degree is 65-75 % of the
dependent and even less oil products, which values affect the
pollution of water resources and the atmosphere.

The effective treatment of wastewater from pollution,
including oil and gas, sulfides and others, is given in pub-
lications [12, 13], which describe technologies that include
the stages of physicochemical wastewater purification. The
basis of wastewater purification is the separation of stuck

particles by the sludge method or through various types of
porous loading in filters. They differ in chemical composition
and have different sizes of particles of filter material and
adsorption capacity.

For the wastewater purification that contains petroleum
products, the technology with a flotation stage under a vice
is wider. Wastewater purification from oil products, the con-
centration of which in wastewater is set at about 10 mg,/dm?
and in accordance with the maximum permissible concen-
tration standards of 0.1-0.3 mg/1 is carried out according to
the folding scheme [14]. It includes their interests in settling
traps, coagulation of contamination by the coagulant ac-
tion — iron sulfate and lime. The next stage of purification
is flotation and filtration of wastewater through quartz and
sulfur-carbon filters.

A review of recent improvements in wastewater puri-
fication at oil refining facilities is given in [15, 16], which
describes various modern electrochemical technologies:
membrane filtration, UV treatment and other methods of
destabilization of sorption treatment emulsions.

An electrochemical method for wastewater purifica-
tion of an industrial enterprise is proposed [17]. The need
to use this method is explained by a significant increase
in the price of chemicals, such as oxidizing agents, reduc-
ing agents, acids, alkalis, coagulants and flocculants. In
addition, this method reduces the “secondary” contami-
nation of purified water by anions and salt cations due to
the rejection of the use of chemicals. The electrochemical
method has a positive effect on increasing the possibility
of reuse of purified water in production, which increases
the environmental safety of enterprises [18]. As a result
of the electrical purification of wastewater with a soluble
anode, hydroxides are formed that cause sorption and
co-precipitation of impurities; which leads to a decrease
in the number or to a complete rejection of the use of co-
agulation reagents.

Current trends in water purification [15, 19] are aimed at
conducting local wastewater purification for certain indus-
tries. This is due to the fact that they contain two or three
environmentally hazardous components that can be more
easily separated and disposed of. A complex water system,
formed by mixing wastewater from various industries, is
extremely difficult to clean up from pollution, since each
particular pollutant requires a specific process and its imple-
mentation parameters.

Various wastewater purification plants are used for
wastewater purification, in which the main equipment for
the separation of mechanical impurities (suspended mat-
ter) is open-type settling tanks, which occupy large areas,
pollute the atmosphere, and the degree of purification is
55-60 %. The authors of [20] develop an improved design
of a thin-layer sedimentation tank, which is small in size
and of sufficiently high efficiency. Suspended separation is
often carried out using filters [21], in which various filtering
materials are loaded — silica sand, slag, activated carbon and
others. In the publication [22] it is shown that the filtering
material based on clinoptilolite zeolite is effective for the
purification of Mn?* cations. Other researchers confirm the
sorption properties of this zeolite in other cations [23]. Such
a zeolite is used for filter loading of an automatic adsorber
filter [24]. Based on the developed equipment, the authors
propose a facility with physicochemical methods for waste-
water purification using carbon-mineral materials for filter

loading [25].



The literature and patents describe various designs of
electrical appliances for treating the aquatic environment.
Many studies on the wastewater purification by the electro-
chemical method are presented in publication [26], which
shows the influence of the pH of the medium on the sepa-
ration process of contaminants in an electrolytic cell with
flat electrodes and the optimal parameters for purification of
chromium waste. The main difference between such devices
is the shape and material and placement of the electrodes
between which the aqueous medium flows, since various
electrochemical processes occur from their size, shape and
material of the electrodes in the aqueous medium.

The publication [27] describes the use of an electroco-
agulator for the dye destruction, in which the electrodes are
located in parallel in a horizontal container.

The well-known “Electrocoagulator for water purifica-
tion” [28], which contains a container in which there is a
cathode grid and anode blocks, is covered with steel shavings
and bounded on both sides by a nylon grid. The disadvantag-
es of the device include the complexity of the design, which
causes significant operating costs when replacing the anode
blocks, since they quickly dissolve, and the degree of purifi-
cation from suspended is low.

The authors of [29] developed the design of an electro-
coagulator containing a body with a conical bottom made of
a dielectric material, inside of which there is a cathode and
anode, which is made in the form of a container with perfo-
rated walls and filled with anodically soluble material. The
body of the anode capacitance is made of titanium, and the
cathode in the form of two plates mounted vertically, curved
in the shape of the anode. The main disadvantages are as fol-
lows: the electrocoagulator has a complex structure, which
creates significant operating costs when loading the anode
tank with iron chips. In this device, due to the large number
of structural elements, the sealing of gases released during
electrical sampling is not provided. In addition, there is a low
degree of purification, which is associated with a low current
density. This limits the formation of the necessary amount
of coagulant and oxidizing agent to neutralize contaminants
in the water.

A “Device for the electrochemical purification of water”
[30] is proposed, which comprises a body made of dielectric
material, in which a cathode made in the form of a spiral
from titanium wire or stainless steel or other materials, and a
conical cover for venting gases are placed. The anode is made
of materials stable in acidic and oxidizing environments. The
disadvantages of the device is the design complexity due to
the large number of elements to ensure sealing of the device;
the low degree of purification, which is due to the small
surface area of the electrode, causes an insufficient amount
of oxidizing agent to neutralize contaminants in the water.

Based on the foregoing, the biological treatment of
wastewater, taking into account the increase in energy pric-
es that are used by energy-intensive compressors to supply
oxidizer, and the need to occupy large areas, is not effective
enough for small facilities.

The purification of effluents containing organic and in-
organic contaminants is mainly carried out according to the
physicochemical technology of wastewater purification. The
fundamentals of physico-chemical wastewater purification
are based primarily on the separation of dispersed particles
by sedimentation and are determined by the sedimentation
rate of the particles of the dispersed phase under the influ-
ence of gravitational force. The deposition process depends

on the size and charge of the particles, which vary due to
factors that violate the aggregate stability of the dispersed
system, namely: the activity of the coagulator reagent, tem-
perature changes, the intensity of mixing, light and various
kinds of radiation, the effects of electrical discharges. The
greatest influence on the purification efficiency has reagent
coagulants, which are currently of high cost. The technolo-
gy of physico-chemical wastewater purification due to the
cumbersome and structural complexity of maintenance of
treatment equipment and the high cost of chemicals for local
wastewater purification of a small facility is also impractical.

Information on the amount of wastewater, their detailed
characteristics, in particular on the content of impurities
and especially the requirements for purified water, affecting
the choice of method for wastewater purification plants. The
technology and equipment for treatment depends on the
amount of wastewater, the content of specific contaminants
and their content in wastewater.

An important factor in choosing a purification technolo-
gy is the quality requirements for purified water for re-sup-
ply or discharge into a body of water, and the availability of
district or city treatment facilities.

Therefore, it is necessary to develop technologies that
have small-sized water purification equipment and do not
use chemicals for water purification, as well as simple ones
for implementation at local installations.

For small facilities, the main requirement for water
purification technology is the quality of the purified water,
it is ensured by simple environmental technology and the
compactness of the equipment and allows its use in remote
areas from settlements, reverse water supply or discharge
into a reservoir.

A more effective water purification technology for small
objects can be a combination of sedimentation processes,
electric treatment and sorption filtration with the goal of
further purification of wastewater to the required level using
compact equipment.

According to the analysis of information sources and
patents on technologies and equipment for wastewater puri-
fication, a study on the development of a water purification
technology that combines the processes of electric purifica-
tion, settling in a thin-layer sedimentation tank and sorp-
tion-filtration through filter material for post-purification of
wastewater is advisable.

3. The aim and objectives of research

The aim of research is to improve the technology and
equipment of physico-electrochemical wastewater purifica-
tion, which will increase the purification degree and can be
used in local and mobile installations in emergency situa-
tions of water supply and sanitation.

To achieve the aim, the following objectives are set:

—develop an improved design of electrical devices for
wastewater purification;

— investigate the two-stage physicochemical technology
for purifying municipal wastewater for the purification de-
gree from suspended matters;

— establish the effectiveness of the physico-electrochemi-
cal technology for the wastewater purification of car washes
as a small object using the fractional loading method (fil-
tration through clinoptilolite zeolite) by the amount of the
post-purification of oil products.



4. Materials and methods of research

Let’s use the real wastewater from the Ivano-Frankivsk-
vodoecotechprom communal enterprise, which in composi-
tion is close to small tourist sites, and the infrastructural
one — car wash in Ivano-Frankivsk. The average main indi-
cators of wastewater at the entrance to the wastewater puri-
fication plant of Ivano-Frankivskvodoecotechprom com-
munal enterprise are as follows: pH=7.1-7.4, suspended=
=87.1-120 mg/dm?3, COD=164.0-196 mgO,/dm? and am-
monium ions=11.7-19.5 mg/dm3. Other indicators of the
composition of wastewater utilities are given in Table 1.

The composition of the two wastewater samples of a utility company

charge of hydrogen ions H": HyO—~H"+OH", 2H"+2e—H>1.
H, bubbles collide with insoluble particles, stick to them
and transport them to the surface, which leads to their elec-
tro-flotation to the surface of the aqueous medium. The ions
in the solution, reaching the cathode, receive electrons from
it, and become neutral atoms or a group of atoms (molecules)
that are released on the electrodes along with the products of
electrochemical reactions. The complex of electrical contacts
(electrical purification) in one apparatus causes the processes
of electrocoagulation, electro-flotation, electro-oxidation-re-
covery, electro-disinfection of water, and therefore does not
provide a high degree of wastewater purification.

For the wastewater purification of small
objects, it is advisable to use the processes of
electro-coagulation, electro-flotation and elec-

Table 1

tro-disinfection in oxidation-reduction reac-

tions. Each of these processes should be carried
out separately in various electrical installa-

tions and at different stages of the water pu-

rification technology, which will increase the

degree of purification for individual indicators.

The selection of an appropriate set of processes

for a complex electrical action depends on the

source and required quality of purified water.

The efficiency of the processes of coag-
ulation of solid contaminants in an aqueous

medium or the oxidation of soluble contami-

nants in wastewater is determined by a cer-

tain current density in the stream of waste-

No The name of indicators Sample 1|Sample 2|  Techniques — ND Code
1 pH 7.8 7.4 DSTU 4077-2001
2 COD, mg0,/dm? 164 196 KND 211.1.4.021-95
3 Dry residue, mg/dm? 153 434 MVV No. 081,/12-0109-03
4 Suspension, mg/dm? 120 87 KND 211.1.4.039-95
6 |Ammonium nitrogen, mg/dm?| 12.8 19.5 MVYV No. 081/12-0106-03
7 Nitrite ions, mg/dm? 1.1 0.96 KND 211.1.4.023-95
8 Nitrate ions, mg/dm? 0.04 0.04 MVV No. 081/12-0651-09
9 Chlorides, mg/dm? 53 50 MVYV No. 081/12-0004-01
10 Sulfates, mg/dm? 91 50 MVYV No. 081/12-0007-01
11 Phosphate ions, mg/dm? 5.4 3.7 MVV No. 081,/12-0005-01
12 Surfactants, mg/dm? 0.012 0.010 KND 211.1.4.017-95
13 0Oil products, mg/dm? <0.005 | <0.005 MVV 99-12-98

water that flows between the electrodes. It

Research on the wastewater purification of a small facil-
ity (car wash in Ivano-Frankivsk) was carried out with real
effluents, which are characterized by the following average
main indicators: pH=7.1-7.3; COD=1525-2100 mg O,/dm?,
0il=5.7-9.2 mg/dm?, suspended solids=68.4-96.1 mg/dm?.
In studies of the technology of physico-electrochemical
wastewater purification, zeolite clinoptilolite of the Sokir-
nitsky deposit was used to load filters [31-33]. It is charac-
terized by the following average indicators: bulk density for
the fraction 0.5-8.0 mm=1.1-1.18 kg /dm?, specific surface=
=20.1-40.8 m2/g, pore size=3.5-4.2 A.

5. Improved design of electrical
device for wastewater purification

The technology of electrochemical
purification of contaminated natural
and wastewater is based on the use
of electrical energy, which determines
the processes of electrocoagulation
and electrolysis of aqueous solutions
of electrolytes. Chemical transforma-
tions in an electrolyte solution occur
in electrolyzers or electrolytic baths
and include the following brief theo-
retical information. The processes take
place at the electrodes when a constant
electric current passes through water.
Reactions of cathodic reduction: the
release of gaseous hydrogen Hj due to
the decomposition of water and the dis-

is caused by a certain distance between the
electrodes and the establishment of the opti-
mal voltage on the electrodes, as well as the material of the
electrodes. To coagulate solid contaminants in wastewater,
it is necessary to create a certain current density in electri-
cal devices. Electroblocking of the aquatic environment is
caused by a certain distance between the electrodes of the
corresponding material and the establishment of the optimal
voltage on the electrodes. Therefore, in order to be able to
establish and control the current density during electrical
sampling of the aqueous medium, a new design of electrical
equipment is developed (Fig. 1), which is included in the
technological scheme of the laboratory unit (Fig. 2).

—>|

Water outlet

Water inlet

Fig. 1. Schematic diagram of the electrical water purification: 1 — case;
2a, 2b — cylindrical inserts with nozzles; 3 — end caps; 4 — central electrode;
5 — middle electrode; 6 — case electrode; 7a, 7b, 7c — current connection terminals
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Fig. 2. Scheme of the laboratory unit for wastewater
purification: 1 — tanks for wastewater; 2 — electrical
device-1; 3 — sedimentation tank with inclined planes;
4 — chamber for collecting sludge from water purification;
5 — electrical device-2; 6 — filter adsorber; 7 — containers
for collecting purified water; 8 — current source with rectifier

A new design of an electrical device for processing aque-
ous media is proposed that provides the ability to control the
intensity of wastewater purification and contains a cylindri-
cal body with dielectric material, electrodes and two nozzles
for filling and leakage of the aqueous medium. The largest
electrode in diameter is adjacent to the housing, connected
to an electrical terminal located on the device’s body, and
other electrical terminals and current leads are located at
the end of the device’s cover. Moreover, the nozzles for filling
by the water environment of the device are a single unit with
inserts that are inserted into the housing at the beginning of
the device from the bottom for the incoming stream, and the
second for the output from the top. The middle electrode of a
cylindrical shape is made of insoluble material and has round
holes located opposite the inlet and outlet nozzles.

The proposed device accommodates a central electrode 4
mounted permanently on the ends in the caps of the device
of a coaxially cylindrical body 1. The electrode 4 can easily
be replaced both in diameter and material — iron, stainless,
lead or titanium, coated with ruthenium oxides. Two other
electrodes in the form of cylinders, of which one inner 6 is
placed close to the device body. The middle 5 has cylindrical
openings that allow, after the inlet pipe, to divide the water
flow into two, which increases the area of its contact of the
waste water by 2 times, and, accordingly, for and are placed
coaxially of the casing and the central electrode 4.

The studies were carried out in a laboratory unit accord-
ing to the procedure described below. The technology for
wastewater purification is as follows. From the tank, which is
located at a height, the wastewater enters the electrocoagula-

tion device of a cylindrical structure, where electrochemical
processes take place and enters a thin-layer sedimentation
tank in which the suspended ones are separated and enter the
sludge tank. Partially purified water from the sinker is further
treated in a filter loaded with clinoptilolite zeolite, and then it
is recycled or discharged into a natural water body.

6. Research results of a two-stage
physico-electrochemical purification technology and
establishing the effectiveness of post-purification

At the first stage, the studies were carried out as fol-
lows. Compared to the capacity, the wastewater entered the
electrical device-1, and then into the sedimentation tank for
1.5 hours in an amount of 30 dm?. Wastewater purification
was carried out using a horizontal sedimentation tank
with inclined planes (IP). Subsequently, the effluents enter
electric device-2, where, under the influence of an electric
current (U=8-12 V), electrochemical processes occur in the
effluents. From electric device-2, the effluent flows through
a filter filled with filter material (clinoptilolite zeolite),
where other contaminants are separated from the wastewa-
ter during filtration and adsorption, and then the purified
water enters the tank of purified water. The purification study
was carried out under dynamic conditions, and the wastewater
indicators were determined according to the methods [34, 35].
The purification degree from pollution was determined by
the formula as the ratio of the difference between the initial
concentration of the ingredient Ci and the final Cf to the
initial one. The research results are given in Table 2.

Based on the results of laboratory and experimental stud-
ies of wastewater purification at the Vodoecotechprom in-
dustrial complex, it was found that electrical treatment with
a voltage of 12 V in front of a thin-layer sedimentation tank
increases the efficiency of suspended separation from 81 to
92.4 %. The degree of wastewater purification at the first stage
with electrical treatment to the sedimentation tank due to the
separation of suspended is an average of 83.3-96.2 %. With
an inclination angle of inclined planes of 30° it is 82.1-88.5 %,
45° —83.7-89.1 % and 60° — 80.5-95.2 %, respectively.

To increase the efficiency of municipal wastewater puri-
fication, at the second stage of research, let’s make changes
to some parameters of the material technology compared
to that used at the first stage. They provide for the electric
purification of wastewater after the sedimentation tank in
front of the laboratory filter was carried out at 10 V. Also,
a parallel filter was added to the purification scheme, which
was loaded with a zeolite fraction of 0.5-2 mm. The purifi-
cation results are shown in Table 3.

Table 2

The results of wastewater purification without and with wastewater purification in
electrical equipment-1 before a thin-layer sedimentation tank

Indicators of wastewater before lectri Wastewater indicators after Purification degree. %
Indicators purification, mg/dm? E cctr}cg purification, mg/dm? gree, %o
- processin
wastewater sample Suspension COD . COD Suspen- COD
on, v ters, V v > o
mg/m?3 mg O,/dm3 parameters Suspension mg Oy/dm3 sion mg O,/dm3
1 No Clcctrically 90,61 151,52 11,36 16,56 87,5 89,5
3 processed 120,43 140,03 22,14 15,92 81,6 88,6
5 ! call 90,61 151,52 8,05 10,85 91,1 92,8
7| Flectrically 120,43 140,03 9,12 9,71 92,4 93,1
—— processed
9 112,35 135,71 9,03 8,81 91,9 93,5




Indicators of municipal wastewater purification by electrochemical sorption technology

Table 3

Indicators
Sample/ Before purification After purification Purification degree, %
Filter i i

sursfg/n;;? n, pH mgCO(Z ?Cimg Su:fge/n;l;) n, pH mgc(;)g ?(im3 Suspension COD

1/1 82,6 7,4 125,7 4,0 7,3 8,5 95,8 93,2
2 87,7 7,5 142,3 4,1 7.4 438 95,3 95,9

5 90,5 7,6 151,5 3,2 7,5 51 96,5 96,6

7 120,4 7.4 145,3 3,3 7,3 6,1 97,3 95,8

9 112,3 7,5 135,6 3,5 7,4 4,4 96,8 96,7
1/10 82,6 74 125,7 31 7,3 6,5 96,2 94,8
2 87,7 7,5 142,3 3,7 7,4 5,8 95,8 95,9

5 90,5 7,6 151,5 3,5 7,5 43 96,1 97,2

7 120,4 7,4 145, 3 3,6 7,3 5,3 97,0 96,4

9 112,3 7,5 135,6 4,5 7.4 4,6 95,9 96,6

Note: 1 — filter with a fraction of 0.5—1 mm zeolite, I1 — filter with a fraction of 0.5—2 mm

In the next stage III of the research, wastewater was
purified from a communal facility in Ivano-Frankivsk —
car wash.

For research, let’s also use real wastewater after washing
cars of the Ivano-Frankivsk using the technology for puri-
fying oil products, which is described for the second stage
of research. The results of wastewater purification from
suspensions ones using the previous electrical purification in
electrical device-1 in front of a horizontal sedimentation tank
with inclined planes from the infrastructural communal facil-
ity from the previous electrical treatment are given in Table 4.

The results of wastewater purification with electrical treatment in front of the

sedimentation tank

one apparatus with the participation of a plate-shaped elec-
trode block. However, the use of such complex electrical ap-
pliances leads to difficulties in their maintenance. They occur
at constant parameters of the electric treatment regimes of
the aquatic environment. Since the content of contaminants
in wastewater varies both in terms of specific contaminants
and in quantity, it is extremely difficult to achieve a high
wastewater purification degree. The proposed technology
for the two-stage purification of municipal wastewater in
2 electrical installations of a new design, installed in front
of the sedimentation tank and in front of the filter, increases
the purification degree at the first
stage from suspended to 92.4 % (Ta-
ble 2), and at the second to 97.3 %
(Table 3). The developed electrical

Table 4

So, according to the research results on wastewater pu-
rification, car washing using the technology of electrochem-
ical wastewater purification is effective, because at a voltage
of 12 V in the 1st electric device and the inclination angle of
the inclined planes block into a 45 ° thin-layer sedimentation
tank, the waste oil separation is 94, 0-95.6 %, and tertiary
treatment in the filter with loading of clinoptilolite ze-
olite with a fraction of 0.5-1.0 mm reduces the suspension
content in 96.2-97.0 %.

7. Discussion of the results of laboratory studies of the
technology of physical and electrochemical technology

During wastewater purification by the electrochemical
method, the processing of the aqueous medium takes place in

Wastewater e Wastewater indica- P deViC_e (Fig. 2) diffeljs from the known

indicators before Purification, tors after purifica- PllI‘lflCth})Ol’l ones in that the device contains three

Wastewater | 1\ ification, mg/dm3 | ¥ 1L and tion, mg/dm? degree, % cylindrical electrodes mounted co-

sample Suspen- oil IIglegtncal Suspen- 0l Suspen- oil axially to the cylindrical body at a
. evices : : S

sions products sions | products | sions |products| certain distance from each other, and

1 776 57 10 51 07 93.4 877 accordingly of different diameters.

This arrangement of the electrodes

5 855 9.2 12 3.2 04 962 95.6 creates a different current density on

6 91.3 7.5 14 4.8 0.6 94.7 92.0 the surfaces of the electrodes, which

7 96.1 8.4 12 29 04 97.0 94.0 affects the charge of contaminants

and the efficiency of their separation

9 68.4 6.1 12 25 03 96.3 95.1 in a sedimentation tank or filter with

a loaded zeolite. It is also worth not-
ing that the material of the anodes is different — in the first
it is soluble, and in the second insoluble. In addition, the
distances between the electrodes are different, which leads
to different current densities arising on the electrodes. So
in the first there is a process of coagulation of suspended
particles by a coagulant formed from a soluble anode, and
then an effective flotation process into a thin-layer settler.
In the second electrical device, the soluble contaminants of
wastewater are oxidized and degraded and treated further —
filtering through a filter through a clinoptilolite zeolite of a
fraction of 0—2 mm, which is more effective due to its larger
surface compared to a fraction of 0—1 mm, is filtered. This
technology allows to increase the degree of purification by
10-15 % and get a stable water purification process.

The research results of the wastewater purification of a
car wash, according to the proposed technology of electro-



chemical treatment of wastewater in front of a sedimentation
tank, followed by filtration through clinoptilolite zeolite, are
as follows. It has been established that it is effective, since
at a voltage of 12 V and an inclination angle of the block of
inclined planes into a thin-layer sedimentation tank of 45°,
the separation of oil products in wastewater increases by
94.0-95.6 %. Post-purification in the filter with loading of
clinoptilolite zeolite with a fraction of 0.5-2.0 mm increases
the purification degree from suspensions in 96.2-97.0 %,
which can be explained by a larger specific surface of the
filter load.

So, according to the research results, the technology of
electrochemical wastewater purification with subsequent
filtration through zeolite clinoptilolite is effective. Filter
loading with zeolite clinoptilolite reduces the content of
soluble contaminants in the effluent, probably due to adsorp-
tion processes. Local wastewater purification will generally
reduce the load on city-wide treatment facilities and the
discharge of pollution into water resources.

The proposed technology allows to increase the pu-
rification degree by 10—15 % and obtain a stable water
purification process. In addition, a technology has been
developed that allows the automation of the water puri-
fication process and the creation of local, autonomous or
mobile water purification plants that can effectively op-
erate at different ambient temperatures. This means that
the scientifically-applied result of the electric wastewater
purification at two stages (in front of a sedimentation tank
and a filter) in electrical installations of a new design, from
a practical point of view, determines the conditions for us-
ing this technology and electrical devices from the rational
parameters of water purification. Thus, the applied aspect

of using the obtained scientific result is the possibility of
improving the technological process of water purification.
This constitutes the prerequisites for the transfer of re-
ceived technological solutions.

This technology allows to increase the wastewater pu-
rification degree and is interesting from a theoretical point
of view, since in subsequent studies it should be established
which content of an individual component or structural ele-
ment of an electrical device affects the degree of wastewater
purification more.

A prospect for the development of this research may be
the development of a technology for the treatment of sludge
from water purification directly after the process of sepa-
rating contaminants in a sedimentation tank and filter in
a compact device to obtain a granular processing product.

8. Conclusions

1. An electrical device, which includes three electrodes,
of which the middle one is soluble in the first stage and
insoluble in the second, and has openings for dividing the
water stream into two, increases the wastewater purification
degree in the range of 10-15 %.

2. The technology of two-stage purification of municipal
wastewater is effective, since the purification degree from
suspensions is 93.4-97.0 %. It is found that the maximum
degree of wastewater purification from car washes using
physico-electrochemical technology from suspensions was
95.3-97.2 % for double electrical purification in front of
the sedimentation tank and filter with a loading of 0—2 mm
clinoptilolite zeolite fraction.
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