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Abstract. Technologically contaminated water, formed during processing
of coal slurries, finds its application in modern technological cycles of coal
enrichment. Limitation of use of untreated recycled water of coal
concentration plants is caused by a high degree of its mineralization by
various salts, presence of insoluble solid particles and presence of flotation
reagents, coagulants and flocculants. Part of technical water purified from
mineral and organic contaminants can be used in heating systems and heat
exchange equipment of industrial enterprises, including the coal industry.
For this purpose, it is necessary to reduce the scale-forming ability of
service water (to reduce the content of soluble calcium and magnesium
salts in water). One of the most effective and advanced methods is the
stabilization treatment of water with an electric field. In addition, this
method is environmentally safe, low-cost and simple. The article gives the
foundation of the method of stabilization treatment of recycled water of
concentrating plants by an electric field, a description of the methodology
of the laboratory experiment for scaling reduction, and the analysis of the
results.

1 Introduction

The main disadvantage of coal concentration plants, which has a negative environmental
impact, is the discharge of sludge water into external settling ponds. In order to
significantly reduce the negative impact of coal concentration plants on the environment, it
is necessary to create closed water cycles at these enterprises [1-6].

Preliminary treatment of industrial wastewater from mining enterprises is mainly aimed at
cleaning them from suspended solids, especially with the use of technogenic filter massifs
from overburden rock [7-14]. The use of geotextile materials for dewatering of water-coal

* Corresponding author: zhev.httte@kuzstu.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).


mailto:zhev.httte@kuzstu.ru

E3S Web of Conferences 303, 01048 (2021) https://doi.org/10.1051/e3sconf/202130301048
Clean Coal Technologies: Mining, Processing, Safety, and Ecology 2021

slurry makes sense at further purification of sludge water released from the surface of shell
filtering constructions [15-17].

The applied staged schemes of sludge water treatment should provide the maximum use of
treated water in the main technological processes. The first stage is the separation of sludge
water into a solid phase (slurry) and a liquid phase (process water) [18-21]. Then process
water undergoes the following stages of treatment: settling, clarification and filtration. Deep
mechanical treatment of technological water from flocculants and flotation agents is
realized with the use of appropriate sorbents. Passing these stages of treatment allows for
removal of suspended mineral particles and organic ones. Sludge water purified from
suspended solids, organic impurities and hardness salts can be used in heat supply systems
of coal concentration plants. For this purpose, it is necessary to reduce scale-forming ability
of sludge water, caused by the presence of hardness salts in it.

2 Materials and Methods

The research on the influence of sludge water treatment by electric field was carried out in
a cylindrical cell. Metal cathode and graphite anode embedded in this cell had surface areas
of 2:10 m? and 1-10° m? correspondingly, i.e. surface area of the cathode was 2 times
larger than that of the anode. Consequently, the current density at the anode was 2 times
higher than the current density at the cathode.

The research was carried out on the laboratory unit, the scheme of which is shown in Fig. 1.
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Fig. 1. Schematic diagram of laboratory unit for stabilizing treatment of sludge water by
electric field:

I — thermostat; 2 — test water; 3, 11 — sockets for water supply and withdrawal respectively;
4 — pump; 5 — valve; 6 — apparatus for processing of sludge water by electric field; 7 —
source of direct current; 8 — heating cell; 9 — heating element; /0, /2 — thermometers; /3 —
U-shaped tube for cooling water.

From thermostat / studied slurry water 2 was pumped into the heating cell 8, in which an
electric heating element 9 and thermometer /0 were built in. Before the heating cell, the
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analyzed slurry water passed through the apparatus 6, in which it was treated by an electric
field. From the heating cell § the hot slurry water flowed back to the thermostat /.

The sludge water temperature before entering the heating cell was maintained within the
range of 60-65°C by cooling it in the thermostat with cold water flowing through the
U-shaped tube /3. The temperature of the slurry water at the outlet of the heating cell was
determined by the thermometer /0 and maintained within 92-95°C by controlling the
voltage applied to the heating element /0. The surface of the heating element was 5,6:1073
m?.

Sludge water stabilization treatment by electric field was carried out in a sealed cell, in
which metal cathode, graphite anode and water inlet and outlet connections were built in.
Electric current from a direct current source was applied to the cathode and anode. Thus, a
constant electric field was created between the anode and the cathode.

The analyzed slurry water passing between the anode and the cathode was exposed to an
electric field, as a result of which the particles of scaling agents present in the water
acquired a positive charge, moved to the metal cathode and deposited on its surface in the
form of a scaling layer.

The amount of scale formed on the surface of the heating element was determined as
follows. The heating element was weighed after certain time intervals of the installation
operation and the mass of the heating element of two consecutive measurements was
determined by the difference of the mass of the heating element.

The efficiency of the heating element protection against scaling (scale-proof effect) when
treating sludge water with an electric field was determined by the formulae:

(M

E="1""a.100%,
my,

where m; — mass of scale deposited on the heating element in sludge water not treated by
electric field; m, — mass of scale deposited on the heating element in sludge water treated
by electric field.
The researches were carried out in the closed operation mode of the unit, i.e. without
feeding of the system with fresh sludge water. Sludge water treatment by electric field was
carried out at different values of current densities on cathodes and anodes. In order to find
out the scale-proof effect of sludge water treatment by electric field a control experiment
was carried out first. The dynamics of scale deposition on a heating element was
determined in conditions of absence of electric field. Conditions of experiments are
presented in Table 1. Experiments were carried out on the sludge water of enrichment plant
"Berezovskaya". The main characteristics of this water are presented in Table 2.

Table 1. Conditions of experiments.

o, Unit of Measurement value
Condition name
measurement parameters
Volume of water in the system m310- 5.1
Water velocity, flowing through the heating m/sec 03
element
Density of cathode current A/m? 3.5-14
Anode current density A/m? 7-28




E3S Web of Conferences 303, 01048 (2021)
Clean Coal Technologies: Mining, Processing, Safety, and Ecology 2021

https://doi.org/10.1051/e3sconf/202130301048

Table 2. Main characteristics of the quality of analyzed slurry water.

. Measurement
o . Unit of
Description of characteristics value
measurement
parameters

pH 8.27

Dry residue mg/1 430
Chemical quality index mg O2/1 6.8
Total hardness mmol/l 2.8
Calcium ion content mmol/l 1.9
Magnesium ion content mmol/l 0.9

The experiments were carried out at the rate of flow of slurry water through the heating cell
equal to 0.3 m/s. First, experiments were carried out on water not treated by the electric
field (control experiment), and then on water treated by the electric field. The cathodic and

anodic current densities varied from 3.5 to 14 A/m” and from 7 to 28 A/m?, respectively.

3 Results and Discussion

Experimental results of sludge water treatment by electric field at different values of current

densities on cathodes and anodes are presented in Table 3.

Table 3. Dynamics of scale deposition on heating element (kg-10-) at electric field treatment of

sludge water in the closed systems.

Operating | Without electric With electric field treatment s

time, hours field treatment Ia"=7,Ic=3.5 Ia=14,Ic=7 Ie=1 4’
1 0.031 0.029 0.027 0.025
2 0.094 0.058 0.053 0.039
3 0.143 0.086 0.068 0.055
4 0.197 0.107 0.077 0.062
5 0.212 0.120 0.088 0.064

* Ia, Ic — current densities on anodes and cathodes, A/m?, respectively

According to the experimental data obtained, curves of scaling on the heating element
during the treatment of water by electric field in closed systems at different values of

current density were calculated. These curves are shown in Fig. 2.
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Fig. 2. Dependence of scale formation on a heating element on time at treatment of sludge
water by electric field in closed systems: 1 — without sludge water treatment by electric
field (control experiment); 2, 3, 4 — with sludge water treatment by electric field at cathode
current density 3,5; 7 and 14 A/m? and anode current density 7; 14 and 28 A/m?
respectively.

On the basis of experimental data according to the formula (1) the efficiency of scale
protection of the heating element was calculated when treating sludge water by the electric
field in a closed operation mode of the laboratory unit. The obtained results are presented in
table 4 and fig. 3.

Table 4. Scale protection effectiveness of the heating element when treating slurry water with an
electric field in closed systems.

Unit operating time, Ia=7,1Ic=35 Ia=14,Ic=7 Ia=28,Ic=14
hours
1 6.45 12.90 19.35
2 38.29 43.61 5851
3 39.86 45.68 61.53
4 42.28 52.44 68.52
5 43.39 58.49 69.81
80
70
g

1 2 3 4 5

Operation time, hours

Fig. 3. Dependence of the antiscale protection efficiency on the current density at electric
treatment of sludge water: 1, 2, 3 — cathode current density 3,5; 7; 14 A/m? and anode
current density 7; 14 and 28 A/m? respectively.
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From the data presented in Table 4 and Fig. 3, we can see that the efficiency of protection
of water-heating equipment against scale during stabilization treatment of sludge water by
electric field depends on the values of anode and cathode current densities. At increase of
values of anode and cathode currents efficiency of antiscale protection increases. Data of
Table 4 show that at increase of unit operation time the antiscale effect of sludge water
treatment by electric field sharply increases in the first two hours, and continues to increase
insignificantly in the subsequent time. This is explained by the fact that sludge water in the
system is subjected to repeated antiscale treatment by electric field for a longer period of
time. Also, the main mass of hardness salts is deposited on the cathode in the first hours of
sludge water treatment by electric current.

Conclusions

The most environmentally safe and quite effective method of sludge water antiscale
treatment is an electric field treatment. This method excludes the use of chemicals and, as a
consequence, pollution of the environment by harmful effluents of water treatment plants.
The efficiency of this method is confirmed by obtained experimental data and reaches 70%.
Application of sludge water stabilization treatment in heat supply systems of coal
preparation plants will allow:

a) reduce the discharge of harmful wastewater into natural water reservoirs and thereby
improve the environmental safety of coal concentration plants;

b) increase the service life of water-heating equipment by 1.3-1.5 times;

¢) increase the economic efficiency of enterprises;

d) create a technology for complex processing of sludge water.
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