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and biological composition and various particlesi

used as an additional water treatment ag
more detail, the study presented deal
obtained through Rostov-on-Don urban

-derived waste
treatment with
. The following

There are different mechanisms that occur during the wastewater treatment. However, the
general process can be described as a reaction series between individual particles of water
pollutants and primal chemical agents that leads to a merger of derived products into a flake-
like solid insoluble structures that settles in the bottom of a reservoir [8-10]. The obtained
sediment usually performs a gel-like spatial structure that contains a significant amount of
moisture. The latter is encaged between insoluble flakes and need to be extracted by drying
before the secondary use [8, 11, 12].
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The paper presented is devoted to sediment recycling opportunity studying that could lead
to economic and ecologic profits. The natural-derived waste obtained through Rostov-on-
Don urban water sedimentation treatment with aluminum sulfate AI2(SO4)3 and
polycationite VPK-402 is used as the sample. The humidity, density, mass and volume
fractions of solid phases measurements coupled with chemical and physical analysis is
performed to investigate the suspension recycling potential.

2 Materials and techniques

parameters [7,8].
Precipitation of various origins was used in the study:
1. a layer of suspended sediment from settling tanks and clarifi
2. sediment on filters for washing water and con ifiers;
3. sediment from tanks for solutions with rea,
obtaining sediment from horizontal settling ta
purification and are characterized by operational
productivity.

a stable effect of water
onstruction cost, and high

3 Results

ed by water intake from the rivers of the arid
predominance of montmorillonite, kaolinite
icrons [1,2].In sediments with a high content

ompaction using a glass bathometer, samples were taken

from th er layers minimal structural disturbance. In the experiment, a precipitate
with S04)3 and a precipitate of VPK-402 were used. The observations were carried out
dugifig the d ith the fixation of lowering the sediment level into cylinders with a layer
hei f mm, 400 mm. The most typical observation results (average values from ten

asu nts) arg@liown in Table 1.

Table 1. Compaction of precipitation.

. The concentration of the
The concentration of the . . P .
L Sediment compaction suspension in the Sealing
suspension in the selected . . b
age, hours 3 time, hours compacted sediment, g effect, %
sample, g /dm Jdm?
1 2 3 4 5
Al(SO4)3
1 187 5 199 6.4
2 187 6 202 8.0
3 124 8 141 13.7
4 151 5 172 13.9
5 257 8 268 43
6 275 10 280 1.8
12 151 5 167 10.6
24 175 4 196 12.0
36 161 3 189 17.4
48 160 3 190 18.8
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72 [ 178 3 199 [ 11.8
VPK-402

1 135 5 139
2 204 5 211
3 138 6 142
4 177 5 183
5 244 5 247
1 2 3 4
6 192 8 196
12 241 3 245
24 148 10 151
36 132 5 139
48 177 4 182
72 238 4 244

increases (Table 1).

The sediment density depends on the volume concent,

suspension layer during its settling. The nature
tanks varies over time. At the beginning of co
decreases at a constant rate. Then the speed is ¢

the day.

All these stages of compaction ra
increase in the density or concentration @

er boundary of the layer
ng. Reaching zero during

as a result of an increase in the proportio

y, the nature of the suspension structure
e the critical concentration (the concentration
of sediment that gives
reduces the relative

ase in the density of the newly formed sediment and an
coefficient. These two factors indicate an increase in the strength
of the
in the color of water and a reduction in mineral impurities in it leads to the
light (loose) sediment, high humidity, the degree of compaction of which

has a high humidity and, accordingly, a low concentration of sediment formed during the
ification of waters of medium turbidity (Table 2).

It is noted that in the sediment obtained from turbid waters 40-50% refers to insoluble,
and in the sediment of colored waters this indicator is 2-15%. Table 1 shows the relationship
between the amount of mineral suspensions in the sediment and the rate of its compaction
process. It is established that the sediment density depends on the volume concentration of
flakes, diameter and hydraulic particle size. At zero pressure, sediment compaction is reduced
to the kinetics of lowering the upper boundary of the suspension layer during settling. The
nature of compaction in time has been revealed. At the beginning of the process, the upper
boundary of the layer decreases at a constant rate, then the speed constantly decreases and
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reaches zero per day. Thus, all sealing stages take from 30 minutes to 72 hours. An increase
in sediment concentration occurs with an increase in water turbidity, as the proportion of
mechanical impurities and their structure formation increases.

The introduction of a dose of coagulant accelerates and enhances the flocculation process
as a result of the adsorption of aluminum hydroxide on sediment particles. This process leads
to the compaction of the flakes.

In non-ferrous waters with a low content of mineral suspensions, a loose sedimen
high humidity, low density and a longer time for precipitation is formed.

The main properties of tap precipitation, in addition to density and water-relea
include humidity, sliding angle and viscosity.

Sediment from the water of the Don River (water of medium turbidity,
moisture and has a low concentration during water purification (Table

The
dose of Precip
Suspend . o oncen
Source of . sulfuric itation .
ed solids Color, . . tration
water Reagent acid humid
supply L3 degree aluminu ity. C. m}g/
mg/dm m, mg % dm
dm
Precipitate with A
<10 7.0-7.5 Alx(SO4)3 15 98.2 17.95
10-20 7.5-8.0 Al(SO4)3 97.1 28.86
R Don 972 | 2800
96.0 40.00
94.7 53.00
93.8 62.30
R. Don 97.7 | 23.00
93.8 63.00

bidity of the source water to the dose of the injected
, VPK-402.Humidity of the sediment obtained using
e of 95.0-98.7%, and when using VPK-402 as a flocculant, the

¢ the determination of the sediment dose when introducing it into the treated
idulation), an experiment was conducted that makes it possible to make

ettled for an hour with fixation of the beginning of the boundary of the Hh
itial level) and a layer of compacted (settled) Nk suspension.
The volume concentration of the Co precipitate was determined from the expression:

Co= (Nc/Nn) * 100% (1)

where: Co - volumetric sediment concentration;

Nn is the initial or initial level of sediment in the cylinder, mm;

Nc is the final level of sediment in the cylinder after one hour of settling, mm.

Based on experiments to determine the volume concentration of sediment, the
dependence of the weight concentration on the volume concentration for various precipitation
is constructed, i.e. the sediment formed by VPK-402 and the Al»(SO4); sediment 3. The
volume concentration of the sediment is shown in Fig. 1.
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Fig. 1. Dependence of the weight concentration of sedi
Al2(SO4)s; precipitate VPK — 402.

viscosity.

The structural and rhe
(Table 3).

10 12 14 16 18

S

on the volume con ation. precipitate

ipitation containing VPK-
ipitation with AI2(S04)3,

dary values of sediment shear resistance
Temperature £.°C The ultima?e shear resismnce of
the sediment Q, din/cm?
2 3
Precipitate with Al2(SO4);
4 7.01
5 7.27
3 7.67
8 7.76
9 7.80
7 7.97
8 8.02
10 8.04
13 8.20
20 8.49
Precipitation of VPK-402

99.9 - -
99.0 2 10.90
98.0 2 11.10
97.0 12 14.89
96.0 20 15.89

1 2 3
95.0 12 16.01
94.0 10 17.16
93.0 23 18.27
92.0 24 19.32
91.0 17 21.22
90.0 21 22.28




BIO Web of Conferences 116, 03005 (2024) https://doi.org/10.1051/bioconf/202411603005
EBWFF 2024

The data in Table 3 show that the ultimate shear resistance of sediment increases with a
decrease in its humidity. Under equivalent initial conditions, the ultimate shear resistance of
the sediment with A12(SO4)3 is significantly less than with the VPK — 402 precipitate, since
the flocculant has a high viscosity and is less mobile. This feature of the sludge with
flocculant can be technically realized through pumping it with earltfts or peristatic pumps for
sludge recirculation.

In our study, water precipitation is considered as a dispersed system in which wa
the surface of particles is retained due to coordination electrostatic and plumbing bg
12]. The viscosity of dispersed systems is not constant and varies depending on
gradient. By their behavior, the precipitation of water treatment pla
pseudoplastic liquids.

To determine the dispersed composition of the sediment, the
weighing using torsion scales was used. The method was tested at dif:
with different quality of natural waters. Samples were taken ft
dispersed composition of hydroxide sediments has been st
emphasis was placed on precipitation with VPK-402 sludg
method of sludge recycling, the dispersed composition of
was determined at the first stage, as shown in Table 4.

Particle diameter,

River, city

>1.0 1.0-0.5 0.5-0.1 05-0.01 <0.01

R. Don , Rostov-on- 65.6
Don

Kuban river, Armavir 44-76

The sedimentation analysi
1) the initial purified
2) circulating sedim

ation of sediment repeatedly.
ersion composition of the precipitate with VPK-402 for use
ith Al12(SO4)3 As a precipitation intensifier, it is more

ble 5. Physico-chemical composition of the sediment.

Losses
during . .
Humidity, | calcination | SO | Fex0s | ALOs | CaO, | MgO, I&fg%‘;
% of research o % % % % ’
L % %
institutes,
%
Rostov-on-Don,
Central water
supply of the 5-50 99.5-96.5 20-60 5609 1210% 13'%%' %’12%' traces 5-10
Military industrial : . )
complex-402
Rostov-on-Don,
Alexandrov water 5-35 99.5-96.5 12.6-48.0 6842- 1223%- 2726(())- %1003- traces
supply Al2(SO4)s ) i i
rivers of the South 69.0-86.0 74 572 | 053 | 1870 | 1110 | 185 -
of Russia
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Considering that the cationic flocculant VPK-402 has an organic origin, in further work
it is necessary to study the possibility of using sediment in the form of fertilizer, having
previously assessed the environmental risks.

4 Discussion

The staff of the Department of Water Supply and Sanitation of DSTU conducted rese
the possible practical use of precipitation in life and production. When solving thafis
recycling, possible reuse and disposal of sludge from any water supply station,

of great importance.
Large volumes of tap precipitation formed at water treatmen

shape with dimensions within 0.03-7.0 microns opens
components of building materials.
Local sediment can be used at water treatment plants to accel
coagulation and save industrial coagulants.
The studied properties of tap sediments obtai
such as humidity, solid phase concentration, st
properties open up new prospects for its seconda

the process of water

with the help of fléCculant VPK-402,
tural-rheolqg@ical and physico-chemical

5 Conclusions

The study of the sediment of water treat g various reagents made it possible
to give a comparative assessp itation of horizontal sedimentation tanks. The
humidity and concentratig f the sediment formed during water treatment

with various combinatifin en logical properties and compaction of the
sediment, volume ¢ cdtnent, structural and rheological properties of the
sediment, dispe of the sediment, physico-chemical properties of the

sediment wer ined. phical dependence of the sediment weight concentration
tablished. The implementation of the developed recycling
echanical sludge dewatering workshops are introduced at water
water sludge will complement the drainless operation scheme
ent plants. This will prevent their discharge into ravines and reservoirs,
the prgservation of the environment. After appropriate treatment, water sludge
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