Modern Science and Innovations. 2023. No. 2 (42)

CoBpemeHHast HayKa 1 HHHOBALIHH. Mapuna Aixexkcangposna HosukoBa
2023. Ne 2(42). C. 95-101 [Marina A. Novikova],
Modern Science and Innovations.

. . Maxcum Baagumuposud I'onuapos
2023; 2(42):95-101 ;

[Maksim V. Goncharov],

TEXHOJIOIMA ITPOJOBOJIBCTBEHHBIX JAmutpuii Bragumuposuy Coi3paHues
IIPOJJVKTOB | [Dmitrij V. Syzrancev],

TECHNOLOGY OF FOOD PRODUCTS I'ennaauii BajjeHTHHOBHY AJIeKCeEB

. i [Gennadij V. Alekseev]
Hayunas cmamws | Original article
NHTeHcHpuKanusa npouecca 0YMCTKH
CTOYHBIX BOJ 1JisI €€ BTOPUYHOI'0
HCII0JIb30BaHUS HA ITHINECBLIX MPEANPUATHAX

Y JIK 663.86.054.2
DOI: 10.37493/2307-910X.2023.2.9

Intensification of the wastewater treatment
process for its secondary use in food
enterprises

! Hayuonansnwiii uccnedosamenvckuii ynusepcumem «MIHy (punuan) 2. Cmonenck, Poccus |
Moscow Power Engineering Institute (branch) Smolensk, Russia, mar.novikova@ro.ru

2 Hayuonanvuwiii uccnedosamenvckuii ynusepcumem HTMO, Canxm-Ilemepoypz, Poccus |
ITMO University, St. Petersburg, Russia, romanchikovspb@mail.ru

Annomauun Ha cecoonsiunuii oenb 80npocsl pecypcocbepedicenusi ece 0oblue BOIHYem
uenogeuecmeo, 6 C8A3U C IMUM CMAHOBUMbCSA NEPCNEKMUBHBIMU  BONPOCHL  GMOPUUHO2O
UCNOJIb308AHUSL CHIPLS U BCNOMO2AMENILHLIX MAMepuanos. B cpeonem na nuwesvlx npeonpusmusx
ucnonvzyemes. okono 50 m° 600vl 6 cmeny, sma 600a NOMUMO OCHOBHO20 MEXHOLOUUECKO20
npoyecca UCnOIb3yemcsi Ha 6CHOMo2amellbHble onepayuu. B cmamve ObliU NpOaHaIU3UPOBAHbL
CMaHoapmHvle Memoovl OYUCHKU CHOYHBIX 600 OM 3ACPA3HEHUL U CO8peMeHHble CNocoObl
NOBbIUEHUS KAYecmea OYUCHKU.
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Abstract To date, the issues of resource conservation are of increasing concern to mankind,
in this regard, the issues of the secondary use of raw materials and auxiliary materials are
becoming promising. On average, food enterprises use about 50 m® of water per se, this water in
addition to the main technological process is used for auxiliary operations. The article considered
standard methods of wastewater treatment from pollution and modern ways to improve the quality
of treatment
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According to the definitions, wastewater is water obtained after human activities and
supplied for treatment at treatment facilities. At the moment, wastewater is one of the main sources
of pollution of the biosphere. Due to the large amount of wastewater and the heterogeneous
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composition of contaminants at wastewater treatment plants, it is necessary to use a variety of
treatment methods [1,2].

Most often, at enterprises, the resulting wastewater is discharged for treatment into citywide
wastewater treatment plants; pollution generated at food enterprises requires additional treatment.

Wastewater received after technological processes at industrial enterprises can be divided
into three categories:

- contaminated, containing fats;

- contaminated lean;

- uncontaminated.

Wastewater from food enterprises is characterized by high levels of BOD, COD, nutrients,
and fats (Table 1). These indicators do not allow the discharge of wastewater, without prior
treatment, into general utility systems.

Table 1. The composition of wastewater from some food industries

Indicators Branches of the food industry

Meat Dairy processing Fish processing Confectioner | Brewery

processing y

Suspended 1.5-2.0 0.30-0.60 1.30-1.35 1.38 0.50-0.60
solids g / dm 3
pH 6.5-8.5 6.0-8.0 7.0-8.0 7.0-7.5 7.0-7.5
COD g/dm 3 1.60-2.00 1.50-3.00 1.08-2.00 2.50-3.00 1.20-1.50
BOD g/dm 3 0.80-1.50 1.20-1.40 0.59-1.30 2.00-2.50 0.80-1.00
Fat content g / | 0.20 0.10 0.98-0.10 0.11 -
dm?3

The requirements that apply to the quality of wastewater can be very different and are
determined by the intended purpose.

The treatment facilities use multi-stage cleaning, at each stage of cleaning the main quality
indicators are monitored. According to regulatory documents, the maximum allowable
concentrations of treated water do not depend on the degree of initial pollution and must correspond
to the established figures (Table 2).

Table 2. Maximum permissible concentrations of the main indicators of the quality of
treated wastewater

Indicators MPC for discharge from urban wastewater
treatment plants (GOS)
Suspended solids g / dm 3 0.30
pH 6-9
COD g/dm 3 0.50
BOD g/dm 3 0.30
Fat content g / dm 3 0.05

The degree of wastewater pollution at modern industrial enterprises provides for the
presence of preliminary wastewater treatment by the enterprise itself. Economic pressure from the
municipal water utilities and the state, in the form of increased tariffs and fines, puts before the
specialists of industrial enterprises the task of using effective cleaning methods and combining
standard methods with modern ones.

The following standard methods are used for wastewater treatment:

- mechanical;

- biological;
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- chemical;

- physical and chemical,

- electrochemical.

Scientists from different countries are actively engaged in the development of a
technological scheme for wastewater treatment from organic pollution, however, despite the fact
that the prospects for the use of multi-stage technologies for complex wastewater treatment for food
production have been proven, it is necessary to develop a technologically efficient and
economically sound treatment scheme.

As experience shows, standard methods do not always allow obtaining a degree of
wastewater treatment that would be acceptable for the recycling of these waters in enterprises.

When solving the problems of wastewater treatment, the problems of separation of
emulsions are most often considered. Emulsions are a heterogeneous system of two liquids, one of
which is distributed into the other, in the form of immiscible droplets.

The theoretical basis for the separation of emulsions is the Stokes law, which determines the
laws governing the movement of particles during centrifugation.

Re = et < (1)
184,

In accordance with the Stokes law, the velocity of particles in a centrifuge for a laminar
mode can be defined:

w &l p R @
18

Where

d — particle diameter, m;

p— density of suspended particles, kg/ ™ ;

pcis the density of the liquid medium, kg/ ™;

ue is the coefficient of dynamic viscosity of the liquid medium. Pa -c;
W is the angular velocity of rotation, 1/ ¢ ;

R — radius of rotation, m.

To determine the properties of the emulsion that affect the parameters of the separation
process, a value equal to:

(p-p.) (3)
28
If the value of this value increases, then the speed of movement of particles in the centrifuge
increases.
to put this into practice, the liquids are heated, resulting in its viscosity decreases [3-4].
When particles are deposited in a centrifugal field, the rate of settling increases by n times

compared to the rate of settling under the action of gravity.

_wR @)
g

The index n is the main characteristic that determines the patterns of particle settling under
the influence of centrifugal forces, it is also called the separation factor, which, in essence, is the
Froude centrifugal criterion

n

2
Fr = % (5)
The separation factor is one of the main parameters that determine the conditions for the

deposition of particles under the action of centrifugal force [5].
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The diameter of the particles that are separated during centrifugation (separation) is directly
dependent on the performance of the equipment. And it is determined by the formula:

(6)

V1, 10° "
_(5.55n2R§hzz(p—pc)c05a1J
Where
V - productivity, m 3/ s;
n is the frequency of rotation of the drum;
R, - the maximum radius of the plate, m;
h is the distance between the plates according to the norms, m;
z is the number of plates;
a- the angle of inclination of the surface of the plate ( o= 45°-40°).
The results of experimental studies of determining the size of separated particles are shown
in Fig.1.

T T T T T T

3x10°F s 3x10°F -
y1(x) y11(x)

¥209 2.a0% A YO a0t A

e s

yo(¥) ——a y10(X) o
110 e ROORIEE . 15103 - s et b T .

0 | | | 0 | | |
—05 0 05 —05 0 0.5

X X
a) b)

Figure 1. Characteristic features of the change in the size of the separated particles

ITMO researchers have developed a universal plant for the purification of wastewater from
food production from oil and fat contamination.

The use of the installation will allow to obtain a sufficiently high level of wastewater
treatment. The device provides for the separation of liquids depending on their density (Fig.
2).

Figure 2. Device for separating liquids by density
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When the device is operating, a porous tape (pos. 4) is placed in a container with a
liquid to be separated (pos. 1) between two wolves (pos. 2 and 3). The belt absorbs the lighter
fraction, when the belt passes between the upper conveying wolf (pos. 5) and the squeeze roll
(pos. 7), the previously absorbed particles of the light fraction are removed from the pores of
the belt. The thickness of the tape is selected depending on the characteristics of the liquid to
be separated.

The collected fraction is directed through the holes on the roll to the collection tray
located inside the roll. From the collection tray, the liquid enters for further processing.

As the belt advances, it is compressed between the conveying roll and the lower
squeeze roll; during compression, air is removed from the pores of the belt.

The described device has been tested both in the separation of water and oil products,
and in the purification of water from confectionery enterprises. The processing of
experimental data allows us to draw the following conclusions: when separating a suspension
with an increase in the density of the medium being separated, larger particles are separated
(Fig. 1a), the same pattern can be traced with an increase in the viscosity of the separated
component (Fig. 1b) [5].

The described device can be included in the standard technological scheme of wastewater
treatment, which will significantly increase the degree of purification. Water purified by this
method can be used for technological purposes in food enterprises. Closed cycles of industrial water
supply make it possible to completely eliminate wastewater discharged into surface water bodies,
and use fresh water to replenish irretrievable losses.

Improvement of the standard method of mechanical wastewater treatment using the
proposed method will increase the efficiency of the treatment process and the environmental
friendliness of the resulting water.
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