XIMIYHA THMEHEPIA:
—

EKOMOrIA TA TEXHOMOrII 3AXHCTY HABKOMHIHLOTO CEPEJOBHILA

10. Zuikov, A. L. Raspredelenie azimutal'nyh skorostei v laminarnom
kontrvihrevom techenii [Text] / A. L. Zuikov, G. V. Orehov,
V. V. Volshanik // Vestnik MGSU. — 2013. — No. 5. — P. 150—161.
11. Kalashnik, M. V. Tsiklotroficheskoe prisposoblenie v zakruchen-
nyh gazovyh potokah i vihrevoi effekt Ranka [Text] / M. V. Ka-
lashnik // ZhETE - 2008. — Vol. 133, No. 4. — P. 935-947.

BNIMAHHE KOHCTPYKLHH 3ABUXPHTENA BXOAHOr0 MOTOKA
HA THAPOAHHAMHMKY K 3PPEKTHEHOCTD PAEOTBI

UccnenoBano BinsiHie KOHCTPYKIIMK 3aBUXPUTENST U MeCTa
€ro yCTaHOBKU B ra30Xojle /IS TIO/Ia4l Ta30IblJIEBOTO TOTOKA Ha
addekTuBHOCTH PabOTHI BUXPEBOIO amiapara. Jlokasano, 4To KOH-
CTPYKIIUSL 3aBUXPUTEJISE TIPU COOTBETCTBYIOIUX YCIOBUAX T103BO-
JIIET 3aKPYYEHHOMY MOTOKY J0OUBATHCS MAKCUMATIBHO BO3MOKHOM
JUISL IAHHOM KOHCTPYKIIMU YTJIOBOI CKOPOCTH BpAIeHHs ra30BOTO
noroka. Paspaborana MpUHIMITHAIbHAS KOHCTPYKIIUST BUXPEBOTO
MBLIEYJIOBUTESI, KOTOPAsi TTO3BOJISIET TOBBICUTH 3(h(HERTHBHOCTD
OUNCTKHU C MOMOIIbI0 BUXpeBOro ammapara 10 98-99 %.
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INVESTIGATION OF THE TREATMENT
EFFICIENCY OF FINE-DISPERSED SLIME
OF A WATER ROTATION CYCLE OF

A METALLURGICAL ENTERPRISE

Jlocnioaceni 0cobaus0cmi ouuyenHs uiamis 6000000pOMHO20 UUKILY MeMANYP2itinozo 6UPOOHULMEA.

Busisneno, wjo nadxooxcenis 3a6UcIux Yacmox 6 uLamosi 600u i00Yyeacmuvcs nepioouuHo i HepieHOMIPHO.
Bcmanosneno, wo wnamu 2azoouumenis memaiypzitnozo nionpuemcmea micmsamo 0o 93 % Opibno-
oucnepcnoi gppaxuyii meepdoi pasu kaacy menwe 20 mxm. Pexomendosano sacmocysanis 1abopamopnux
mecmie skocmi wiamy i egpexmusnocmi Gaokyrsyii. B x00i npomuciosux eunpodysans 6cmanosiena
MONCIUBICMY OUUWeHHS waamy 3 epexmuesnicmio 0o 99 % paokyrsayiino-eiduenmposum cnocobom i3
3acmocys8annam Memoouxu 1abopamopHux mecmie.

Kmouosi cnoBa: zasoouuwenis memanypeziinozo nionpuemcmea, 0pioHoouUcnepcHi uiamu, wWiamu

2a3004UUEHHS, MOOYTb OUUUEHHS.

1. Introduction

According to various sources, more than 70 million
tons of slimes have been accumulated at metallurgical
enterprises in Ukraine, of which about a third are suitable
for reuse [1]. At the metallurgical industry, the greatest
amount of water is used as a cooler for steelmaking fur-
naces and converters, as well as for wet gas treatment
systems. The wastewater that is formed is contaminated
with solid suspended particles and has dissolved chemicals,
for example, hardness salts. For example, the volume of
sewage discharged by enterprises of ferrous and nonfer-
rous metallurgy in Ukraine reaches 500 million m?3/year.

In industrial processes and technologies, the greatest
amount of water is used as a coolant, solvent, transport

agent. In metallurgy, wastewater is formed mainly after
cooling of steel-smelting converters and after wet treat-
ment of gases.

The amount of sewage and slime of wet gas treatment
is up to 10 m® per 1000 m? of gas, which corresponds to
approximately 4-5 m? per 1 m of melted steel.

The use of sewage in the water cycle system of en-
terprises because of the high content of chemical com-
pounds in concentrations unacceptable by existing norms
for circulating water requires their treatment. In order to
reuse slime in gas treatment, they must be clarified to
a residual suspended matter content of 150-200 mg/dm3.

The discharge of contaminated sewage into the external
slime collectors of metallurgical enterprises leads to secon-
dary contamination of soils and groundwater with heavy
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metals, alienation and salinization of lands, technogenic
transformation of the natural landscape [2]. Millions of tons
of iron-containing slimes have already been accumulated
around metallurgical enterprises and their processing is
complicated by difficulties of condensation to the required
humidity for subsequent disposal [3].

Proceeding from the foregoing, the study of the regulari-
ties of the processes of cleaning and dewatering of slimes
of metallurgical enterprises, as well as the search for ways
to intensify processes and utilize slime components, is an
actual scientific and technical task.

2. The ohject of research
and its technological audit

The object of research is the process of wastewater treat-
ment from suspended solids, formed as a result of wet gas
scrubbing of off-gases of the oxygen-converter shop of one
of the metallurgical enterprises. The current scheme of
recycling water supply of gas treatment is shown in Fig. 1.

From the gas treatment modules (2) of converters (1)
the slime pulp by the self-flowing slime pipeline enters
the receiving bunkers-hydroclassifiers (3) with suspended
substances up to 12 g/l. In the bunkers-hydroclassifiers
there is a separation of slime pulp by fractions. The coarse
fraction (particles larger than 2 mm) is withdrawn along

the vertical slime pipeline through the adjusting nozzle
into the receiving tray. The finer fraction (particles smaller
than 2 mm) is taken along the vertical slime pipelines
into the receiving tray. From the receiving tray from the
vertical slime pipelines, a large water-emulsion fraction is
distributed through pendulum feeders through large-scale
treatment facilities, namely to the <«left> or «right» section
of the horizontal sedimentation tank (9). The capacity
of the section of the horizontal sedimentation tank is
250 m?3, the time of filling with slime is 4-6 days. The
slime with a grab crane is discharged from the sedimenta-
tion chamber of the sedimentation tank into the railway
cars and sent for re-use to the sinter plant.

The finely dispersed fraction that does not settle at the
sites of hydroclassification is distributed along the hydro-
cyclone flocculators (4), where it thickens on the bottom,
and clarified hot water is piped through three-section
cooling towers and a spray-type fan cooling tower (12).
Cooling towers cool the recycled water with the concen-
tration of suspended particles up to 200 mg/l.

The sedimentary suspension of the fine fraction un-
der the action of gravity and centrifugal forces in the
hydrocyclone-flocculator is condensed by a farm working
automatically with scrapers and a conical bottom of the
flocculator. Adjusting the flow rate of the slime suspension
along the flocculants is carried out using nutrient latches.
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Fig. 1. Schematic diagram of the current system of water recycling of gas treatment of oxygen-converter shop:
1 — converter; 2 — wet gas treatment; 3 — bunkers-hydroclassifiers; 4 — flocculator; 5 — radial thickeners; 6 — clarified water tank; 7 — discharge to
the slime collector; 8 — bunker-collectors of fine fraction; 9 — horizontal sedimentation tanks; 10 — location of the treatment module during the test;
11 — chamber of the pre-clarified water; 12 — cooling towers

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 5/3(37), 2017

23—)



XIMIYHA THMEHEPIA:
—

EKOMOrIA TA TEXHOMOrII 3AXHCTY HABKOMHIHLOTO CEPEJOBHILA

The thickened slime suspension is diverted from the
cone bottom of the hydrocyclone-flocculator through the
slime pipeline to the receiving chamber of the thicke-
ners. From it the pulp along the slime pipeline is evenly
distributed by means of nutritional valves on the radial
thickeners (5). Water that is clarified in radial thickeners
is collected in a clarified water tank (6), from where it
is fed to a second wet gas treatment after the converters.

The thickened slime pulp of the thickeners is pumped
in turn by one of the working slime pumps and fed to
the hydroclassifier of the bunker-collectors (8).

Overflows of all bunkers and sections of the horizontal
sedimentation tank along a gravity chute are fed into
the chamber of the pre-clarified water (11) with a sus-
pended matter content of 20-35 g/l from which pumping
units are pumped to the bunker of the hydroclassification
unit (3) to re-sedimentation the suspended particles.

One of the most problematic areas in this process
is the low treatment efficiency of the highly dispersed
slime, resulting in the removal of the fine fraction of solid
particles together with the clarified water of the radial
thickeners. This leads to the need for regular replenish-
ment and dilution of clarified water, repeated treatment
of the pre-clarified water and discharge of part of the
flow to the slime collectors. This is due to the fact that
the finely dispersed phase does not completely settle in
the radial thickeners even after flocculation in the hydro-
cyclone-flocculants, is removed from them and pollutes
the recycled water. The reason for this is the fact that
with continuous operation of the water cycle of wet gas
treatment, the load on the main water treatment devi-
ces (primarily flocculants) can exceed the design values.
This is a consequence of two reasons:

— increase in the load from gas treatment and over-

flows into the main line of the pre-clarified water of

the condensed slime of the radial thickener during
overloading into storage bunkers;

— decrease in the sedimentation rate of fine particles

due to overdose of chemical reagents (flocculants),

which leads to an increase in the viscosity and sta-
bilization of the slime suspension.

The foregoing circumstances lead to a periodic dete-
rioration in the quality of water treatment by flocculators
and radial thickeners.

When the limiting contamination of the treated wa-
ter with flocculants is reached, in order to maintain the
amount of suspended matter in the circulating water within
the established norm of 200 mg/l, a «system purge» is
performed — the discharge of the condensed product of
radial thickeners into the external slime collector (7) and
refill the system with clean water.

The absence of a single scientifically grounded approach
to describing the specifics of the processes occurring in
flocculation of fine slimes and silt leads to the need for
additional laboratory studies and industrial tests of equip-
ment for treatment of real sewage in each specific case.
Therefore, in order to identify the possibility of trapping
small particles and returning treated water to the water
circulation, industrial tests were carried out using a sewage
treatment module BDAM 3400.00.00.000 (hereinafter —
Module) produced by the Scientific and Production Center
Ecomash (Kharkiv, Ukraine).

The treatment module for suspended solids is an auto-
mated chain of equipment that includes a flocculant prepa-
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ration station, a thin-layer sedimentation tank and sedi-
mentation horizontal screw centrifuge (GSS). Treatment
from suspended solids is carried out by solids sedimenta-
tion in the field of gravitational and centrifugal forces.
Intensification of sedimentation processes occurs due to
the use of flocculants. The thickened product of the thin-
layer sedimentation tank is dewatered in a sedimentation
centrifuge. The slime water treatment module works in
a continuous mode with correction of the flocculant con-
sumption depending on the concentration of the solids in
the slime. The dosing of the flocculant is carried out by
the automated control system.

The adjustment of the Module’s technology is preceded
by laboratory studies of slime waters, according to the
results of which, the mode of operation of the modules
is adjusted. The circuit diagram of the Module circuit is
described in more detail in [4].

3. The aim and ohjectives of research

The aim of research is improvement of the treatment
system and development of technical solutions for the
reconstruction of a complex of equipment for capturing
finely divided slime of gas treatment by various methods
of dehydration.

To achieve this aim it is necessary:

1. To analyze the features of the treatment system of
slime waters of the water cycle of wet gas treatment.

2. To conduct laboratory studies of the composition
and properties of real slimes of the water cycle of wet
gas treatment.

3. To conduct industrial tests for the treatment of
metallurgical slime and determine the effectiveness of the
method of laboratory tests.

4. Research of existing solutions
of the prohlem

The main method of using slime gas treatment of con-
verters is the addition of them to the sintering charge.
For the slime disposal at the sinter plant, the converter
slime must be previously dehydrated. The most common
scheme for slime dewatering at metallurgical plants is a
scheme that provides thickening of slime pulp in radial
thickeners and sedimentation tanks of various designs [5],
filtration on filter presses or drying in drying drums.

Sewage from gas treatment of oxygen-converter plants,
open-hearth furnaces and electric steel-smelting furnaces
belong to insufficiently studied varieties of sewage. The
main distinguishing feature of this wastewater is an ex-
tremely uneven composition of contaminants during one
technological cycle (smelting), depending on many factors,
for example, the composition of the charge.

As a rule, sewage from the gas treatment system of
the metallurgical plant contains a large number of fine
particles and is complex polydisperse suspensions [1]. For
the treatment of highly disperse slimes containing a complex
chemical solids composition, the chemical enhancement of
sedimentation processes is applied by introducing floc-
culants and coagulants [6, 7]. General recommendations
for the use of reagents in the treatment of slime waters
are reduced to the selection of the type and dose of re-
agents to purify a particular type of slime of a certain
concentration and physico-chemical properties.
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Non-ionic flocculants [8, 9], ionogenic (cationogenic
and anionic) flocculants [10], their combination among
themselves [11], coagulants in combination with flocculants
are used among the methods of intensifying the treat-
ment of slimes of various industries with a polydisperse
composition [12, 13].

Despite the abundance of publications on flocculation-
coagulation of slimes of various origins in the practice
of water treatment, it is necessary to select the neces-
sary reagent and equipment, providing in aggregate the
required treatment efficiency, depending on the features
of the process in each specific case. This is due to the
multifactor process of aggregation of particles, which de-
pends on the dispersion and solids concentration [14, 15],
pH, the content of dissolved salts [16], etc.

For these purposes, it is necessary to carry out both
laboratory studies and industrial tests on actual slimes
of existing production.

5. Methods of research

The study is conducted in two stages: in laboratory
and industrial conditions.

Laboratory studies of samples of slime waters for wet
gas treatment of the oxygen-converter shop, taken from
different places of the water rotation cycle, are carried
out for the following:

1) determination of the granulometric composition and
distribution of slime mass by classes using the BA-BO1
vibration analyzer (Ukraine);

2) in the samples of slime waters, the content of suspended
solids in 1 dm?® is determined by the standard method;

3) density of the solid slime product is calculated, both
the mean value and the slime density in each separate class.

To determine the slime density of different fractions,
slime samples collected in the radial thickeners are screened
through sieves with 20, 40, 60, 100 micron gaps. The result-
ing solids are mixed with the clarified water, the density
of which is 1002.1 kg/m3. The sedimentation kinetics is
measured and the density of each fraction is calculated.

Based on the results of determination of slime den-
sity, the slime pulp density is calculated as a function of

500

the solids content. The materials are designed as a plot
of the weight of 1 1 of pulp from the dry mass of the
solids. The results of the calculation are compared with
the actual slime samples.

To assess the effectiveness of the chemical reagents
currently used for the flocculation of wet scrubbing slime,
the dosage is compared in the test samples of the anionic
flocculant TOK-19 and the reagents of the anionic floc-
culant PuroFloc 1011 and the PuroTech RO510 coagulant
used in the enterprise. The reagents are added to a 500 ml
slime sample with a solids concentration of 1331.5 mg/1 in
a variety of combinations and amounts. After mixing the
samples, the rate of slime floccule sedimentation is deter-
mined before and after the mechanical influences according
to the method of laboratory tests described in [14, 15].

In the course of industrial tests, slime waters with a
variable content of suspended solids from 20 g/1 to 280 g/1
are fed to the treatment Module. In the course of the tests,
the performance of the slime water treatment and slime
dehydration Module is recorded. For this, samples of the
original slime, treated after the water Module (centrifuge
centrate) and sediment, are taken.

6. Research results

6.1. Research results of the current water rotation cir-
cuit. During the analysis of the operating water rota-
tion circuit, measurements of the solids content in the
thickened product of radial thickeners are carried out.
This product through the collector (with a total flow
rate of <85 m® h as the radial thickener is emptied) is
fed to bunker-collectors. Measurements of the content of
the solid in the pre-clarified water entering the bunker-
hydroclassifiers are also carried out. The results of these
measurements are shown in Fig. 2.

The average value of the solids content in the radial
thickener slime is 200 g/1, which corresponds to a load of
17 t/h. Attention is drawn to the fact that for 8.5 hours
out of 16 hours the average solids content in the collector
of the radial thickener is below 200 g/1 and is 88 g/I (the
average load in the collector is 7.5 t/h, with 4 hours out
of 16 hours, the available load is actually below 4 t/h).
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Fig. 2. Graph of the change in the solids content in the slime of the radial thickener and the pre-clarified water
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The results of laboratory studies of the granulometric
composition and solids concentration in slime samples
taken at different points of the water circuit are presented
in Table 1.

The average solids value in the pre-clarified water
is 35 g/I, which corresponds to a load of 24 t/h, and
when the solids content is increased to 85 g/l, the load
is increased to 59.5 t/h.

The average density of the solid product of slimes, the
density of slimes according to the classes of the granulo-
metric composition, hydraulic size according to the classes
of granulometric composition is shown in Table 2. The
average density of the solids in the slime is 3928.9 kg/m?.

Fig. 3 is a graph of the weight of 11 of slime water pulp
on the slime content in it. The dots denote the results of
weighing and determination of the solids content in a liter
of slime according to the laboratory. The line represents

I55N 2226-3780

the results of calculating the solids concentration in the
slime volume, depending on its weight at an average solids
density of 3900 kg/m3. This dependence makes it possible
to determine the approximate concentration of solids in
a liter of slime by weighing for the operational control of
the concentration and adjustment of the slime treatment
technology, for example, the dose of chemical reagents.

Comparison of dosage in test samples of anionic floc-
culant TDA-19 and reagents used at the enterprise:
anionic flocculant PuroFloc 1011 and coagulant Puro-
Tech RO510 (Fig. 4).

As a result of the tests, it is found that when using an
anionic flocculant (test No. 1), sufficiently high deposition
rates are obtained with less reagent costs (almost 10 times
less compared to test No. 2). This allows to recommend
the use of anionic flocculant for the treatment of slimes
in the water rotation cycle.

Table 1
Granulometric composition and concentration of solids in slime samples
Class yield, ym Solids concentra-
Place of sampling i N
<20 20...40 B0...40 >B0 1o, g
Slime after wet gas treatment 92.98 3.51 3.51 0 2.28
Thickened product of the bunker-hydroclassifier 86.45 10.24 3.31 0 26.56
Thickened product of flocculants of hydrocyclone type 91.02 7.18 1.8 0 6.68
Thickened product of radial thickener 79.24 11.12 6.955 2.685 338.2
Sample of pre-clarified water 50.76 44 61 4.63 0 84.56
Tahle 2
Dependence of the density and kinetics of solids sedimentation on the particle size
Particle size, pm Weight Df. 11 Solids content, g/l Solids density, kg/m® Yield, % Sediment‘atiun rate of the
of suspension, g particles, mm/s
200...100 1006.1 10.15 1653.9 3.684 6.75...3.5
100...63 1006 8.85 1791.6 3212 1.7
63...40 1004.5 7.95 1435.4 2.885 0.8...0.56
40...20 1007.75 10.4 2184.1 3.774 0.64...0.28
20...3 1032.7 40 4264.3 86.445 0.7...0.016
400 ~
350
—. 300
E} 7
s 250 sl
2 Bt
g 200 A
o % ot
©n RS
2 150 A
100 o
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Weight of 1 liter of slime, g
Fig. 3. Dependence of the weight of 1 liter of pulp of slime waters on the solids content in it
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Solids deposition rate, mm/s

Test No. 1

B Floccules sedimentation rate after reagent injection, mm/s

Test No. 2

Test No. 3 Test No. 4

B Floccules sedimentation rate after mechanical action, mm/s

O Slime sedimentation rate without additives, mm/s

Fig. 4. Solids sedimentation rate during tests:
test No. 1 — addition of an anionic flocculant T®A-19 in an amount of 37.57 g/t; test No. 2 — addition of a mixture of coagulant plus flocculant (PuraTech
R0510 and PurcFloc 1011) in an amount of 281+75.1=356.1 g/t; test No. 3 — addition of flocculant PuroFloc 1011 in an amount of 75.1 g/t;
test No. 4 — addition of a mixture of coagulant plus flocculant (PuraTech B0510 and T®A-19) in the amount of 37.57+281=318.57 g/t

6.2. Results of industrial tests for water rotation treat-
ment. In the course of industrial tests, it is revealed that in
the pre-clarified water supplied to the Module, there is an
excessive amount of chemical reagents (Purotech RO 510
and Puroflock 1011) added to the slime water in the sec-
tions of the classifier and flocculant bunkers. This leads
to unstable aggregation of particles and variable rates of
deposition in the field of gravitational forces. Sedimenta-
tion of incoming slime in laboratory cylinders shows the
presence of small floccules with the sedimentation rate
from 0.7 to 6 mm/s.

With a minimum residual content of chemical agents
Purotech RO 510 and Puroflock 1011 in the Module
supply (when the slime sedimentation rate is less than
1 mm/s), a stable treatment efficiency of the clear water
using the TMA-19 anionic flocculant is achieved. The flow of
the flocculant into the Module is made based on laboratory
tests in chemical containers and tests from the Modules
in operation. At the same time, the results of laboratory
tests practically coincide, which makes it possible to predict
the results of slime water treatment in the Module with
high reliability according to preliminary tests of samples.

During the testing of the Module with treatment with
different centrifuges such as OTTII, it is found that the
dosage of flocculant TDA-19 in small amounts (about 60
to 80 g/t) makes it possible to achieve a treatment degree
of slime waters of wet gas treatment from suspended so-
lids of 98-99 % (less than 200 mg/1), while the moisture
content of the dehydrated sediment is 27-30 %.

6.3. Analysis of the results of work. In the process
of studying the operation of the sewage water treatment
system for the water rotation cycle of the wet gas scrub-
bing of the oxygen-converter shop, the following features
are established. When the wet gas treatment system is in
operation, the input of suspended solids into slime waters
occurs periodically and unevenly (Fig. 2). The intake of
suspended solids depends on the cyclic operation of the
converter, the number of operating converters (one or
two), the type of charge and other factors.

The amount of supplied chemical reactants is not regu-
lated, depending on the amount of suspended matter in
the slime waters. During the operation of the wet gas
treatment system, an overdose of chemical reagents is
observed. This is due to the increase in the dose of re-
agents depending on the purity of clarified water. As
a result of the influx of excess flocculants, the subsequent
flocculation of the slime and the destruction of the floc-
cules, a residual flocculant is accumulated in the circulation
water, representing scraps of the polymer chain. The pre-
sence of residual flocculant in the subsequent cycle leads
to a low efficiency of the new portion of the reagents,
since the residues of the non-operating flocculant prevent
the adsorption of a new portion of the same-named floc-
culant (cationic). Thus, a decrease in the sedimentation
degree in radial thickeners and horizontal sedimentation
tanks is observed, an increase in the removal of the finely
dispersed solids and contamination of the recycled water.
This, in turn, leads to an increase in the consumption of
reagents without the selection of new (for example, op-
positely charged) with a decrease in the treatment quality.
This trend continues until a part of the return water is
dumped and the system is fed with clean water.

The sieve analysis (Table 2) of the main slime flow
shows that 80-93 % of finely dispersed particles with a par-
ticle size of less than 20 um and a density of ~4.3 g/cm?
are contained in slime waters after wet gas scrubbing.
The average density is 3.9 g/cm® The different density,
depending on the size of the solids, may indicate a dif-
ferent chemical composition of particles of different sizes.
Despite the high density, the kinetics of deposition of
small particles in the field of gravity without the addi-
tion of reagents is very small.

When comparing the effect of different flocculants, it
is found that the use of flocculant TMA-19 in the amount
of 38 g/t is rational (Fig. 4, test 1). The effectiveness of
this type of flocculent will not be lower than the mixture
of coagulant plus flocculant used in the enterprise (Fig. 4,
test 2). At the same time, the dosage of the flocculant
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TDA-19 will be significantly lower (almost 10 times). Thus,
the use of existing chemical treatment of wet gas scrub-
bing slime is ineffective. The use of an anionic flocculant,
which is the opposite of the charge used in production,
neutralizes the effect of the residual cationic flocculant
accumulating in the water rotation cycle on the surface
of the finely dispersed phase.

In addition, it is necessary to take into account fluctua-
tions in the concentration of the solids in the slime, which
can vary within a wide range within a day (Fig. 2). For
the operational control of the solids concentration in the
slime, the dependence shown in Fig. 3. Such dependence
can be obtained by calculation or statistical processing
of laboratory data. As a result of the data analysis (dots
in Fig. 3), the equation of the dependence of the solids
concentration of Cs on the weight of a liter of slime m
with a coefficient of determination 72=0.9985:

Cy=-1363.4612+1.3607 - m. @))

Tests on the treatment Module confirm the need to
adjust the flocculant consumption during operation and
the possibility of efficient (98..99 %) treatment of the
slime with a minimum consumption of the flocculant. The
dosage of the flocculant is rapidly changed based on the
determination of the solids concentration in the slime
according to formula (1) or Fig. 3, as well as determi-
ning the sedimentation rate of floccules and comparing it
with test 1 (Fig. 4). Thus, the adjustment of the amount
of flocculant fed to clean the slime should be based on
laboratory slime samples (determination of the solids con-
centration) and flocculation tests.

7. SWOT analysis of research resulis

Strengths. As a result of the conducted tests, it is found
that the possible way of reducing the concentration of the
solids in the water cycle of metallurgical production can
be the use of an additional treatment module that includes
the stages of flocculation, removal and centrifugation of the
slime condensed in the sedimentation tank. This makes it
possible to reduce water losses as a result of preventing
the discharge of part of the slime into the external slime
collector and to reduce the volume of make-up water.

Weaknesses. In order to maintain an effective slime
treatment regime, physico-chemical studies of their proper-
ties (change in the solids concentration), the efficiency of
solids flocculation (the rate of flocculation, dose adjustment
and reagent type) and the quality of water treatment
should be constantly carried out.

Opportunities. The next stage of research will be the
study of the factors that influence flocculation and sedimen-
tation of highly disperse slime. This will make it possible
to regulate the degree of slime treatment by intensifying
the formation of aggregates without increasing the dose
of reagents by improving the qualitative efficiency of the
process.

Threats. The change in the water circulation scheme
and the use of additional equipment and reagents pro-
vides additional material costs. In addition, effective wa-
ter treatment is a multifactorial process, as changing the
composition and properties of the slime requires the on-
line management of the treatment technology as a whole
and the processes in individual devices, otherwise the
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quality of the treated water will decrease. This requires
the appropriate specialists and additional theoretical and
industrial experiments.

1. As a result of the analysis of the operation peculiari-
ties of the slime water treatment system, it is revealed
that the system of the water rotation cycle of the wet gas
scrubbing of the oxygen-converter shop has a number of
drawbacks that can lead to deterioration in the treatment
of the circulating water. Among them, one can single out
the fluctuation of the solids concentration in the condensed
slime to 500 g/1 and the pre-clarified water to 85 g/, as
well as the overexpenditure of chemical reagents.

2. The results of laboratory tests show a high propor-
tion of the finely divided fraction of the solids in the
slime to 93 % with a size of less than 20 um. Effective
treatment of such slime with variable concentration is
possible only on the basis of operational laboratory tests
for flocculation before reagent inputs. For the slime of
this production, the anionic flocculant TMA-19, which
reduces the negative effects of accumulation of cationic
flocculant residues in the system, is highly effective.

3. As a result of industrial tests, it is established that
the treatment of the pre-clarified water from suspended
solids to the required norms of the water rotation cycle
of 200 mg/l is ensured by the treatment unit with an
anionic flocculant dosing in the amount of 60-80 g/t. In
this case, the technology for treating slime waters with
a flocculant should be adjusted by laboratory tests, de-
pending on the concentration and properties of the solids.
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HCCNEAOBAHKE 3IPPEKTHBHOCTH OYHCTKH
MENMKOAXCNEPCHOro WIAMA BOAOOEOPOTHOr0 LKA
METANNYPIrHYECKOr0 MPEANMPHATHA

HccenenoBaibl 0COGEHHOCTH OYKMCTKHU IIJIAMOB BOA000OPOT-
HOTO TMKJIA METAJLTyPIrHYeCKOro TPOU3BOJCTBA. BbISIBIEHO, 4TO
HOCTyHJICHI/IC B3BCHICHHBIX BCIIECTB B MIJIAMOBBLIC BO/IbI ITPOUC-
XOJUT MEPUOANYECKH U HEPABHOMEPHO. YCTAHOBJEHO, YTO MLJIa-
MBI Ta300YMCTOK METAJIYPTUYECKOTO MPEANIPUSTUSL COJEPIKAT 10
93 % MeskoaucnepcHol (pakiuu TBepaoil (asbl Kiacca MeHee
20 MkM. PekoMeHI0BaHO TIpUMeHeHue J1abopaTOPHBIX TECTOB Ka-
yecTBa nuiama u addexkrusuoctn Guokyasaiuu. B xomae mpombiii-
JIEHHbIX I/ICHbITaHI/Iﬁ yCTaHOBJICHa BO3MOXHOCTb OYMCTKU IIIJIaMa
¢ addexTuBHOCTHIO 10 99 % (DIOKYIANNOHHO-IIEHTPOOEIKHBIM
€rocobOM ¢ TIPUMEHEHHEM METOJMKH JaOOPATOPHBIX TECTOB.

Kmouessie cnosa: ra3oo4vyncTKa MCTaJ’IJ’IprI/I‘ICCKOFO nmpeanpuAa-
THUA, MCJKOJMCIICPCHBIC MIJIaMbl, MIJIaMbl Ta3004YMUCTKH, MO[[yJH)
OYUCTKH.
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INVESTIGATION OF FLOCCULATION
EFFICIENCY IN TREATMENT
OF WET GAS TREATMENT SLIME

OF FERROALLOYS PRODUCTION

Hocnionceni cxnad i ocobausocmi Qrokyiayii wiamie 6000060pOmMH020 UUKLY UPOOHULMEaA pepo-
cnaaesie. Buseneno, wo ximiunui ckaad i Konuenmpauis meepooi azu waamie 3MiHIOEMbCs 8 UAC.
Bcemanosaeno, wo ocobaueocmi smiwenns wiamie 3 QioKyISHMOM 2paiomy 6aNCIUBY POLb Y (IOKYIL0-
ymeopenni. /s ouumenns wiamie pekomenoosano 6600umu Qrokyianm osoma nopuismu 35—40 %
i 60—65 % 6i0nosiono 3 wacom amiuenns 00 30 cexynd nepwoi dosu i 6ausvro 10 cexyno opyeoi.

Kmwovosi cnosa: (@ okynsyis wiamie, OpioHoOuUcnepcHi Wiamu, WiIAMU 2a3004ULLeHIsL, MOOYLb OUlL-

wenns, supodruymea pepocniasie.

1. Introduction

Metallurgical production is accompanied by the forma-
tion of a huge amount of industrial waste (IW), reaching
30 % of the output of steel. About 80 % of them are
slag, about 20 % of dust and slime of gas treatment [1].

Today Ukrainian enterprises discharge over 2 billion m%/year
of untreated and insufficiently treated sewage into wa-
ter bodies, which leads to a deterioration of the eco-
logical condition of water bodies and the surrounding
natural environment as a whole. The most dangerous is
the waste water of metallurgical enterprises containing
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