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OPTIMIZATION OF THE PROCESS OF INDUSTRIAL
WASTEWATER TREATMENT BY DISAGGREGATION
OF PHASE-DISPERSED CONTAMINANTS

A.S. Smolyanichenko, E.V. Yakovleva

Wastewater from various industrial productions is the most difficult task for a
designer in the field of developing an effective treatment scheme, since their com-
position and properties are extremely diverse, and treatment methods are possible,
both chemical and physico-chemical, and biological. To select the most effective
method for treating a particular type of wastewater, it is necessary to establish in what
phase-dispersed states the impurities are. The authors of this article supplemented
the existing classification of phase-dispersed states of pollution in wastewater with
transition states: ultra-weighted, post-colloidal and atomically dissolved. For the si-
multaneous separation of contaminants that are in several groups of states according
to the above classification, a dispersion phase separator has been developed, which
includes several sequentially located purification zones and replaces large-sized and
expensive facilities. On the developed installation, computer simulation was carried
out in the ANSYS program in order to obtain streamlines and pressure of the fluid flow,
velocity vectors in 3D format with their values, and the efficiency of the installation
was determined. For the most efficient assessment of the wastewater treatment process
in the phase separator, an automated control system has been developed in the OVEN
program. Shut-off and control valves were selected, instrumentation was installed,
allowing the operator to carry out phased control of the main types of pollution. In
order to test the effectiveness of the dispersion separator, experiments were carried
out on wastewater of various compositions from several industrial productions. The
obtained results make it possible to recommend the phase separator as a facility for
preliminary wastewater treatment for a number of industrial enterprises.

Keywords: industrial wastewater, phase-dispersed states of pollution, disaggrega-
tion, phase separator,; automated control system, modeling of hydrodynamic parameters

For citation. Smolyanichenko A.S., Yakovleva E.V. Optimization of the Process
of Industrial Wastewater Treatment by Disaggregation of Phase-dispersed Contam-
inants. Siberian Journal of Life Sciences and Agriculture, 2022, vol. 14, no. 6, pp.
34-50. DOI: 10.12731/2658-6649-2022-14-6-34-50



Siberian Journal of Life Sciences and Agriculture, Tom 14, Ne6, 2022 35

OIITUMMU3ALIUSA TPOLECCA OYUCTKH
IMPOU3BOJCTBEHHBIX CTOYHBIX BOJI IYTEM
NE3AT'PETAIIUU ®A30BO-IUCIHEPCHBIX
3AT'PSI3BHEHU U

A.C. Cmonsanuuenko, E.B. Akoenesa

Cmounvle 6006l 0N pA3TULHBIX NPOMBIULTEHHBIX NPOU3BOOCHE NPEOCABIAION
Hauboee CLONCHYIO 3a0ady OJisl NPOEKMUPOSWUKA 6 00acmu paspabomku s¢hpex-
MUBHOIL CXeMbl OYUCIKU, NOCKONILKY UX COCIMAB U C8OUICMEA KpaliHe pa3Hoo0pasHbl,
a Memoobl OYUCKU B03MONCHBI KAK XUMUYeCKUe U Quauxo-xumuieckue, max u
ouonocuyeckue. /s nodbopa naubonee OeucmeeHno2o Memood OUUCKU KOHKPen-
HO20 8UOA CIOYHBIX 800, HEOOXOOUMO YCMAHOBUMb, 8 KAKUX (hA3080-0UCHEPCHBIX
COCMOAHUAX HAXOOAMCA npumecu. Aemopamu 8 OaHHOU cmamve OONOTHEHA C)-
wecmeylowas Kiaccupurayus Pazo8o-0ucnepCHblX CoOCMosHUlL 3a2psA3HeHUll 8
CIMOUHBIX 800AX NEPEXOOHBIMU COCMOSHUAMU. YIbMPAB3GEULeHHOe, NOCHKONIOUO-
Hoe u amomapHo pacmeopennoe. [[na 00HO8PeMEeHH020 GblOeNeHUs 3aePAIHEH U,
HAXOOSUUXCS 8 HECKOTLKUX 2PYNNAX COCMOSHULL NO NPUBEOEHHOU KNaccugurayuu,
paspaboman ghazoewlii cenapamop OUCnepcull, BKI0Uarouull 6 ceds HeCKOIbKO No-
C1€008AMENLHO PACHONONHCEHHBIX 30H OUUCKU U 3AMEHAIOWUIL KpYnHo2abapumusle
u 0opoeocmosimue coopyucenus. Ha pazpabomannoil ycmanosxe npoeedeHo Kom-
nvlomeproe mooenuposanue 6 npoepamme ANSYS c yenvio nonyuenusa nunuii moxa
U 0asneHusi O8UNCEHUS NOMOKA HCUOKOCTU, 6eKMOpbL ckopocmell 8 popmame 30
C UX 3HAUEHUAMY, a maKoice onpeodener Kodghduyuenm noiesHoeo UcCnonb3068anUs
yemanosku. /[ns nauboiee onepamusHoll OYeHKu NPoyecca OYUCKU CIOYHBIX 800
6 ¢azoeom cenapamope pazpadbomana a8MoOMaAmMu3UPOSAHHA CUCEMA YNPAG-
nenus @ npoepamme Osen. [looobpanvl 3anopuasn u pecyiupogounas apmamypa,
VCMAaHOBeHbl KOHMPOIbHO-UZMEPUMENbHble NPUOOPYL, NO3BONAIOUUE ONEPATNOPY
0CYWyecmensAmy NOIMANHBIIL KOHMPOIb NO OCHOSHBIM 8Uudam 3azpsasuenuil. C yenvio
nposepku dphexmusrnocmu cenapamopa OUcnepcuil npoeeoeHsl IKCNEPUMEHIbL Ha
CMOYHBIX 600AX PA3HBIX COCMABOE OM HECKONbKUX NPOMBILUICHHBIX NPOU3BOOCTG.
Tonyuennvle pe3ynbmamul nO360JAIOM PEKOMEHO08aMb (PA306blll cenapamop 6
Kauecmee coopysiceHus npedsapumensHoll OUUCTKU CHIOUHBIX 600 HA PO NPOMbIUL-
JIeHHBIX NPEONPUAMUIL.

Kniouesvie cnosa: npouzsoocmeennvie Cmounblil 600bl, (Pazoeo-oucnepchvle
COCMoANUSA 3a2pA3HeHuUll, 0e3azpe2ayuis; (ha3oewlll cenapamop, asmomMamusupo-
6aHNAS CUCMeMA YNPABLeHus;, MOOeIUPosane cUOPOOUHAMULECKUX NAPAMEMPOs
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Introduction

Industrial waste water (IWW) is the most dangerous for water bodies. They
are much more difficult to treat than municipal wastewater and require complex
and expensive treatment facilities. The diversity of the composition and nature
of industrial wastewater pollution determines the use of various methods for
their purification, both physicochemical and chemical, and biological.

To select the most effective treatment facilities for the treatment of a particu-
lar type of wastewater, it is necessary to correctly determine the phase-dispersed
states of pollutants, since each group of pollutants is released from wastewater
in different ways.

The purpose of the ongoing research is to increase the efficiency of industrial
wastewater treatment processes to the norms of maximum allowable concen-
trations of circulating water supply or discharge into the city sewerage system
by phase separation of contaminants.

Scientific novelty:

1. The existing classification of phase-dispersed states of wastewater pollu-
tion has been supplemented;

2. The theoretical principles of the preliminary separation of contaminants
in different aggregate states before the post-treatment facilities formed the basis
of technological solutions (phase dispersion separator);

3. Calculated dependences based on a computer model of the movement of
fluid flows in the Pyramida N phase separation unit with an acceptable statisti-
cal error describe the experimental data on the disaggregation of contaminants
in the practice of industrial wastewater treatment.

The most well-known classification of pollution according to the phase-dis-
persed state of Academician L.A. Kulsky [2], who singled out the following
groups of impurities according to their particle size: group 1 (>10" um) — particles
suspended in water, forming suspensions and emulsions; group 2 (10" - 10 um) —
colloid-dissolved impurities and high-molecular organic substances; group 3
(102 - 103 pm) — molecularly dissolved substances; group 4 (<10 um) — sub-
stances that dissociate into ions in water. However, it was found that in natural
and waste water there are pollutants that are in intermediate states, and their
amount is significant, and the methods of separation from water are fundamen-
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tally different, so the authors of the article [1, 3, 14] supplemented the existing
classification with three more transitional groups.
The supplemented classification can be presented in the form of a diagram

(Fig. 1).
I-over 10",  MI-10"-10% V-107-107; VII - less 107
—_— D\ A
- A N/ N
A\ A A - > um
v ~~ ~
Im-10%-10"  1v-10"-10>  vr-102>-10%°
Fig. 1. Diagram of phase-dispersed states of water pollutants
According to this classification (table 1):
Table 1.
Supplemented classification of phase-dispersed states of impurities in water
Pollution Characteris- POH.u tion Stat'e Of. Methods of isola-
tics of pollu- | designa- | pollutionin | .. . . Note
group . . tion (purification)
tion tion water
I group |insoluble heavy weighted direct separation |-
substances | coarse in gravitational
that precip- | inclu- (settling tanks) or
itate or float |sions and centrifugal (cy-
at a rate coarse clones, centrifug-
greater than | films es, etc.) field
0.2 mm/s
IT group | insoluble fine par- | ul- coarsening by at a concen-
substances |ticles and |tra-weighted | flocculation or tration of
with a sedi- | emul- coagulation, and | suspended
mentation or |sions then isolation solids up
ascent rate during settling. to 100 mg/1
of less than Their complete re- | and oil
0.2 mm/sec, moval is observed | products up
and therefore when filtering to 10 mg/l,
their direct through a material | the listed
separation with a pore size of | contami-
in settling 0.1 pm. nants are,
tanks is as arule, in
impractical an ultra-sus-
due to the pended state
significant
dimensions
of these

structures
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Table continuation
III group |substances |colloidal |colloidal coarsening by co- | The con-
that are not | particles agulation followed | centration
subject to di- | and mi- by separation in of contam-
rect settling | croemul- settling tanks. To inants in
or settling  |sions enhance the effect | the water in
after floccu- of enlarging these | 5 ¢o110idal
lation, i.e. contaminants, it1s | g¢ate can be
they cannot recommended to quite signifi-
be enlarged use flocculants gfter cant.
. coagulants. Their
using only almost complete
flocculants removal from water
is observed when
filtering through a
material with a pore
size of 0.01 pm.
IV group | macromolecu- | pseudo- | postcolloi- | removal by flo- exhibit
lar substances, | colloids | dal tation and foam properties of
the molecular | or cou- separation (blow- | both colloid
size of which | plers ing), or destruc- | and molec-
can be much tion during their | ular true
lgrgerfthaﬁ the oxidation with solution
Zletzlep(;rtcigle(sn- special agents
however, thése (hypochlorite, O3,
contaminants etc.).
cannot be en-
larged by the
coagulation
method
Group V | substances true mo- |molecularly |separation by us- | dissolved
thatareina |lecular |dissolved |ing sorption mate- | molecular
state of true | solutions rials (the sorption | gases can be
molecular capacity of these | ffectively
solutions. terials is used | "ePaced by
The particle m'ath . atmospheric
sizes of these valfe Cgl aximuin gases during
substances are the_ process
comparable in gfmtgnswfe h
size or slightly owing of the
larger (1.5+5 zitﬁiggfr
v ol N
cules (except foam fraction-
for the H2 ation (separa-
molecule) tion).
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End of table
VI group | substances | atomic atomically | free impurities atomically
in the state | solutions |dissolved | from group VIin |dissolved
of atomic the source water, | &3¢S oXygen
solutions as a rule, are ab- ﬁO—atom) and
are usually sent ydrogen
unstable gfgirﬁlg;r_e
and tend to ically active
form either than their
molecules molecules
or ions, for (02 and H2)
example: Na and react
+H20 — much more
NaOH + H intensively
(atom); H with 0x1daF10n
> and reduction
(atom) + H with other
(atom) — substances
H21; NaOH contained in
— Nat+ + water
OH-.
Vil impurities true ionic |ion-dis- separation from the ions
group whose mol- |solutions |solved water on a reverse contained in
ecules are osmosis membrane, | the water are
in water in a designed specifically replaged by
dissociated to separate electri- | other ions
state cally charged par- | present in the
ticles (ions), due to ion-exchange
the special property | 'S during
of its surface, which thfe treatment
allows electrically ?onv—v:pti;gr?ge
neutral molecules filters.
to pass through and
retains electrically
charged ions

The distribution of the main impurities contained in water, according to the
phase-dispersed states, can be represented in the form of a diagram (Fig. 2).

For the simultaneous separation of contaminants that are in I - IV groups
according to the phase-dispersed state, it is recommended to use phase separa-
tors of dispersions.

Separators made in China, USA, Germany, Italy, Great Britain are known,
differing in design, operating principles (centrifugal, coalescing, lamellar, grav-
itational, magnetic) and purpose for wastewater treatment of different compo-
sition and properties [11, 12, 15-17, 20].
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The corresponding group (phase-dispersed state)
according to the classification
Group I Group IIT Group V Group VI
suspension colloid state molecularly dissolved atomically dissolved
state
Group 11 Group IV Group VII
ultra-suspended state postcolloidal state ionic dissolved state
v y v v
suspended suspended Color, Color, Smell, BOD, total
solids, oil solids, ammonium haze, ammoniu COD mineralization
products, turbidity, nitrogen, surfactant, m ,PH,
bacterial ammonium phosphates, BOD, nitrogen, hardness,
contaminati nitrogen, iron (heavy COD petroleum calcium,
on, BOD, phosphates, metals), products, magnesium,
COD iron (heavy petroleum BOD, ammonium
metals), products, COD nitrogen,
petroleum surfactants, nitrite
products, BOD, COD nitrogen,
bacterial nitrate
contaminatio nitrogen,
n, BOD, phosphates,
COD sulfates,
chlorides,
carbonates,
iron (heavy
metals),
sodium,
potassium,
BOD, COD

Fig. 2. Distribution of the main impurities by phase-dispersed states

The disadvantages of these separators are their high cost, complex design,
energy costs, large occupied areas of buildings, and their design does not pro-
vide for the removal of contaminants with a dispersion degree of 10-2-10~* mi-
crons: molecularly dissolved gases and volatile impurities. However, for the
simultaneous purification of water pollutants in different phase-dispersed states,
it is necessary to determine the maximum time for the removal of one or another
type of pollution, which will dictate the process as a whole. With three-phase
pollution systems, according to hydrodynamic indicators, the removal of gases
must be carried out at the first stage of purification.

Within the framework of import substitution, the issue of creating domestic
equipment that is not inferior in efficiency to foreign ones, but has economic
superiority, has become particularly relevant.

We have proposed a phase separator (Fig. 3), which is a compact design
in the form of vertically arranged components. This phase separator consists



Siberian Journal of Life Sciences and Agriculture, Tom 14, Ne6, 2022 41

of two vertical columns, which are a flocculation and flow stabilization body
and a body with a dedicated zone of a weighed filter, connected by a thin-layer
settling chamber.

|
Tl_

| o B

|

Fig. 3. Phase separator of dispersions

Thus, in one facility, a number of successive processes of industrial waste-
water treatment take place: purification from coarse impurities through a grate
in the first building, coagulation as a result of introducing a reagent into the
pipeline for supplying initial wastewater for treatment, flocculation, thin-layer
settling, filtering through a layer of formed sediment. It also provides for the
removal of floating impurities, oil film and oil products and the removal of gas
through the corresponding pipelines in the separator housings.

Materials and Methods
To calculate the hydrodynamic parameters of the liquid flow in the installa-
tion, computer simulation was carried out in the ANSYS program [4, 5, 7-10,



42 Siberian Journal of Life Sciences and Agriculture, Vol. 14, Ne6, 2022

18, 19], which makes it possible to obtain streamlines and pressure lines, ve-
locity vectors in 3D format with their values.

Models of fluid flow through the installation were built for laminar and tur-
bulent regimes (Fig. 4, 5).

“ '
.

) o Lo
—

Fig. 4. Velocity vectors of liquid movement in the phase separator

Fig. 5. Distribution of streamlines in the phase separator: a) laminar regime of fluid
movement (Q=0.0005 m?/s); b) turbulent mode of fluid movement (Q= 0.0015 m?/s)

1500

Fig. 6. Distribution of stagnant zones under a) laminar and b) turbulent modes
of fluid movement in a phase separation unit
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The volume of stagnant zones in laminar and turbulent modes was determined:
0.00892699 m* and 0.00411956 m? (Fig. 6) with a total installation volume of 1.15
m’. As a result, the coefficient of volumetric utilization in laminar and turbulent
modes was calculated, which is equal to 0.96 and 0.99, respectively.

Results

To implement the trouble-free operation of the phase separator, visualiza-
tion of the technological process, completeness and objectivity of the displayed
parameters at each stage of wastewater treatment, an automated control system
(ACS) has been developed [6, 13].

The automation system is designed for automatic control of wastewater sup-
ply, removal of sludge, oil products and floating substances separated during
the cleaning process, automatic washing of thin-layer modules after a specified
time interval, as well as indication of the process and physical and chemical
parameters on the operator panel.

Structurally, the automation system is built on the basis of PLC 200-04
CS (“Oven”). All pipelines are controlled by controlled valves, which ensures
smooth opening and closing to avoid water hammer. The status of all cranes is
controlled by the automated control system and displayed on the operator panel.
The installation locations of the cranes are shown in fig. 7 and listed in table 2.

Dxi—e—  Wash water outlet

i of floating
®

Mixer M1 Pfim = Output of purified water

Dosing pump P1

5

>
13 _Reagent
o n ejector

Container for 2 S < Wash water supply
Teagent solution

Inlet ——

Fig. 7. Functional diagram of the automation of the dispersion phase separator:
Y1...Y10 Valve BAV-S304-2P-T-015 with actuator ELA-DT-30-230VAC-P; LE1 Lev-
el sensor DU.3-1; LE2 Level sensor PDU-1.1000.10 (Aries); LE3 Sludge level sensor
SUF-5; C1 Flow meter VLF-U(I)15(3/4)-1.5-110; PH1 Sludge level sensor SUF-5; Dtl
Oil sensor CF360 sc + SC200; M1 Stirrer in reagent bottle; P1 Dispenser EVO APG 500
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Table 2.
Installation locations of controlled valves on the pipelines of the phase separator
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Connection to the system of devices for monitoring the physical and chemi-
cal parameters of the process at the following points is provided: inlet pipeline,
outlet pipeline, after the flocculation chamber (FC), after the thin-layer settling
zone (TLS), after clarification in the weighed filter (WF). On the operator pan-
el, a separate page is provided for this (Fig. 8). All devices are connected to the
system via RS-485 interface.

‘_—To the main_
Inlet after FC after TLS after WF Outlet

wastewater | F5W Fsw 1 PEWIE | PSWTH [ PEW
ey | [*0000.0 | | ["G000.0 0000.0 0000.0 '0000.0

suspended | 55500 o 6000.0 "*3000.0 "“6000.0 F*5000.0

solids

surfactant | | "0000.0 Fh00.0 Fb00.0 Fit00.0 F 8%00.0
proamers || 00000 | [0000.0 | ["d000.0 | 0000.0 | 0000.0
cop Fgb00.0 | ™Gb00.0 F6600.0 | G000.0 | “Gooo.0
BOD F"6000.0 F'6000.0 F6000.0 "6000.0 | 6000.0

F5000.0 5000.0 Fb00.0 5b00.0 56000

Fig. 8. The page for monitoring physical and chemical parameters
on the operator panel
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The efficiency of the separation of contaminants in different phase-dispersed
states on the developed separator was tested on the industrial wastewater of
some industrial enterprises: a machine-building plant, a milk plant and an ag-
ricultural machinery car wash station (Table 2).

Table 2.
Efficiency of wastewater treatment at the dispersion phase separator

Types of treated wastewater
Pollution indicat i ildi
ollution indicators Machlgleagltnldmg Dairy plant Car wash station
suspended solids 65% 88% 75%
BODS5 60% 60% 50%
COD 60% 60% 50%
Fats - 35% -
Phosphates - 50% 95%
Oil products 71% - 90%
Ammonia nitrogen - - 86%
surfactant 60% 70% 65%
Metals o
(Fe*, Zn*, Cu*', AI*") 40% i i

Discussion

The data obtained with the help of computer simulation are very close to
the experimental data, which leads to the conclusion that it is possible to use
computer simulation using the ANSYS program to determine the volume uti-
lization factor in design.

With the help of the developed automated control system for the operation of
the phase separator, all pipelines are controlled by smoothly opening and clos-
ing taps to avoid water hammer, pH is monitored and automatically adjusted by
adding alkali with an installed dispenser, the volume and rate of input flow is
controlled by a pulse counter, continuous monitoring is performed sludge level
by optical sensor. Also, after a specified time, floating substances and oil prod-
ucts are automatically discharged through the corresponding pipelines of the
installation. In order to be able to adjust the wastewater treatment mode by the
technologist, the main pollutants are monitored in the plant: suspended solids,
oil products, surfactants, COD, BOD, nitrites, nitrates, phosphates at the main
stages of wastewater treatment in the separator.

After analyzing the results obtained for the treatment of industrial waste-
water at the dispersion phase separator, it can be concluded that the developed
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plant can be used industrially and the plant can be recommended for implemen-
tation at wastewater treatment plants as a pre-treatment of IWW at the stage of
new construction or reconstruction / re-technologicalization of existing treat-
ment facilities.

Conclusions

To develop a technological scheme for the treatment of industrial wastewa-
ter, the need to determine treatment methods using an extended classification
of phase-dispersed states of pollutants has been identified.

As part of solving the problems of research on the intensification of indus-
trial wastewater treatment, a phase separator of dispersions is proposed. The
efficiency of wastewater treatment of some industrial enterprises at the devel-
oped installation has been confirmed.

The possibility of using computer simulation in the ANSY'S program for the
calculation of the hydrodynamic parameters of the liquid flow in the dispersion
phase separator (velocity, pressure and volume utilization factor) is revealed.

An automated control system for the process of industrial wastewater treat-
ment at the dispersion phase separator has been developed in order to ensure
its trouble-free operation, visualization of the technological process, complete-
ness and objectivity of the displayed parameters at each stage of wastewater
treatment.
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