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Abstract

Discharges of a huge amount of insufficiently purified mine waters lead to a significant deterioration
of the ecological situation, as a result of which, there is a quantitative and qualitative depletion of
water resources. Therefore, the most rational solution to this problem is the creation of low-waste
technologies for the purification of mineralized waters.This will increase the efficiency of using
local water resources and also solve the problem of providing enterprises and the population with
qualitative water. The objective of the work was to study the processes of ion-exchange separation
of chlorides and sulfates on a highly basic anion AB-17-8 in Cl-form. The carried-out researches
have shown that efficiency of separation of chlorides and sulfates increases with increase in height
of an ion exchangerlayer and decrease in water salt content. The processes of regeneration of anion
exchanger have been studied and a method of their recovery for reusing has been developed.A
principal technological scheme for the demineralization of mine and sewage water is proposed,
which allows obtaining water with mineralization< 1 g/dm?, hardness < 2.3 mg-eq/dm?*for complete

recycling of generated wastes.
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Introduction

Recently in the southern and eastern regions of
Ukraine, there is an acute shortage of clean fresh wa-
ter for drinking water supply. The need for drinking
water of good quality is not provided by local sources
of water supplyin these regions.The salt content of
water in the rivers flowing on the territory of the Don-
bas has risen to such an extent that the water in these
rivers is already unsuitable for use in drinking-water
supply systems.In work [1], it is shown that increase
of economic efficiency of the mining enterprises of
Ukraine and improvement of the environment condi-
tion are possible by expansion of their activity in di-
rections which are problems for the whole world and
Ukraine. The situation is complicated by the exces-
sive discharge of highly mineralized (up t020 g/dm?)
acidic (pH 5-6) mine waters with high sulfate content
(up to 5000 mg/dm*)and iron (up to 1500 mg/dm?)
[2]. In 2010, the volume of mine waters in the Eastern
Donbass, despite the closure of most of the mines,
amounted to 78 million m*/year and the removal of
dissolved substances amounted to 411 thousand tons
(SO, — 211 andFe — 6.5) [3].

To solve this problem, it is necessary to develop a
technology for demineralization of mine waters with

ION-EXCHANGE SEPARATION, ANION

EXCHANGER, CHLORIDES,

simultaneous solution of the problem of utilization of
concentrated salt brines formed during desalting.In
works [4, 5], reviews of various methods of purifica-
tion from sulphates of mining enterprisessewage wa-
ters are presented on the basis of domestic and foreign
experience. Mine waters have a very diverse chemi-
cal composition, there are sulfate-hydrocarbonate and
hydrocarbonate-sulphate waters with different cation
composition in the Donbass [6, 7].

Combined cleaning methods such as mechanical, re-
agent, sorption, electrochemical and other physical and
chemical methodsare usedfor mineralized mine waters.
To date, when cleaning water with a high content of
chlorides and sulphates, preference is given to reverse
osmosis.At the same time in the concentrate, there is
an accumulation of sulfates and chlorides, which com-
plicates their further processing. The methods of pro-
cessing sulfate-containing concentrates by electro-
dialysis methods are presented in [8], which allow
obtaining desalted concentrate and sulfuric acid.If there
are anions and carbonates chloride in the concentrate it
can be processed by electrolysis methods to produce
such commodity products as alkali, hydrochloric acid
and hypochlorite. Therefore, solving the problem of
separation of chlorides and sulfates is an importantissue.
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The objective of this work is to study the processes
of ion-exchange separation of chlorides and sul-
fates on the highly basic anion exchangerAB-17-8
in Clform, to determine the efficiency of sorption
and regeneration depending on the height of the ion
exchanger ball.

Methods of the study

The processes of ion-exchange separation of
chlorides and sulfates were studied using a highly basic
anion exchanger AB-17-8 in Clform. Since, when
water is pretreated on the cation exchanger, it may
be softened and for sorption on the anion exchanger,
model solutions of chloride and sodium sulfate with
a sulfate concentration of 2000 mg/dm>and chlorides
0.300 and 500 mg/dm®. These solutions were passed
through the anion exchanger AB-17-8 in Clform
with volume 20 ¢m?. The consumption of the solution
during sorption was 10-15 cm?min. Samples were
taken with a volume of 100 or 200 cm?, after which
they were analyzed for the content of chlorides and
sulfates. During the regeneration, samples of 20 cm?

were taken. The consumption of the regeneration
solution was 1-2 cm*min. The content of chlorides
and sulfates was determinedin each sample.

Ecology

Exchange dynamic capacity before channeling
(EDC,,,,,) and the total exchange dynamic capacity
(TEDC) of the ion exchanger was calculated from the
mass of sorbed ions on the anion exchanger. The degree
of regeneration of ion exchanger after passing through
n samples of the regeneration solution was calculated
as the ratio of the mass of desorbed and sorbed ions.

Research results

When processing mine waters with reagent meth-
ods using lime and aluminum-containing reagents,
it is possible to reduce the residual sulfate content
to 135-250 mg/dm® [9]. The main disadvantage in
using these methods is the high cost of coagulants
and secondary water contamination with chlorides.
When treating water with a high content of sulphates,
only lime is able to reduce their concentration to 20-
30 mg-eq/dm?® [10]. Therefore, for research, it was
expedient to study the separation of solutions with
the concentration of sulfates up to 2000 mg/dm?. The
concentration of chloride in the mine waters ranges
from 500 mg/dm?. On the efficiency of ion-exchange
separation of chlorides and sulfates on a highly basic
anion exchanger in Clformcan be judged from the
sorption curves, which are shown in Fig. 1.

C(CI)) =0 mg/dm? - 1, 2; C(CI) = 300 mg/dm® — 3, 4; C(CI) = 500 mg/dm? - 5, 6;

Figure 1.Dependence of the concentration of sulfates (1, 3, 5) and chlorides (2, 4, 6) on the volume of the
passedsolution (C (SO,*) = 2000 mg/dm’) through the anion exchanger AB-17-8 inCl-form

When sorption of sulfates from the solution
(C(80,?) = 2000mg/dm’, C(CT") = 0 mg/dm°) on the
anion exchanger AB-17-8 in Clformwith a volume
of 20 cm’ EDC, , , for sulfates is 0.63 g-eq/dm’ (Ta-
blel). With an increase in the amount of chloride
up t0300 mg/dm® EDC, , , decreased t00.42 g-eq/
dm?. A further increase in the chloride concentration
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to 500 mg/dm’ led to a decrease in chlorides to 0.21
g-eq/dm?, which indicates a decrease in separation
efficiency during sorption with an increase in the
chloride concentration. Total exchange dynamic ca-
pacity is 1.91; 1.80; 1.6842 g-eq/dm?at a chloride
concentration of 0.300 and 500 mg/dm?, respective-

ly.
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Table 1. Change in exchange capacity of anion exchanger AB-17-8 inCl- formdepending on the ratio of the concentrations

of sulfates and chlorides in solution

C(CI), mg/dm’ 0 300 500
EDC, , , , mg-eq/dm’ 630 420 210
TEDC, mg-eq/dm’ 1910 1800 1680

A 10% solution of sodium chloride was used to
regenerate the anion exchangers. As can be seen from
Fig. 2, the regeneration efficiency depends on the spe-
cific consumption of the NaCl solution. At a specific

consumption of sodium chloride of2 cm®/cm?, it is
possible to achieve a degree of regeneration of 87%,
which is a fairly good indicator.

Freshly prepared NaCl solution (1; 3); the spent regeneration solution was restored by treatment of CaCl, -2, 4
C(80,%) = 2000 mg/dm’*; C(CI") = 0 mg/dm’

Figure 2. Dependence of the concentration of sulfates (1, 2) and the degree of their desorption (3, 4) on the
consumption of a solution of sodium chloride through ion exchanger AB-17-8 inCI', SO,*form

A drawback of ion-exchange technology is the
need to use a significant amount of reagents to regen-
erate the filters and discharge of a large amount of sa-
line sewage waters into surface water bodies.There-
fore, it was necessary to develop a method for reusing
regeneration solutions after their reduction. For this
purpose, the regeneration solutions were treated with
calcium chloride in a stoichiometric amount from
the sodium sulfate content. The degree of regenera-
tion and the sorption capacity of the anion exchanger
after treatment with such solutions remains sufficient-
ly high.

The sediment thatis formed in this process is a
gypsum that can be used as a building material.

In general, the results obtained allow solving the
problem of demineralization of mine waters, con-
centrates of baromembrane desalination of water
and other wastewater. In this case, it is possible to
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implement the technology presented in Fig.3. In the
first stage of ion-exchange purification (4), sulfates
are removed from the water by an anion exchange
filter in Cl-form.Chlorides are extracted from water
in the second stage of anionizing (9) on the anion
exchangerAB-17-8 in the carbonate or basic form. In
this case, alkalization and softening of water occurs.
The precipitate of calcium carbonate and magnesi-
um hydroxide is separated into a clarifier with a sus-
pended sediment layer (14).

Clarified water has residual hardness from 0.5 to
2.3 mg-eq/dm? [10], the residual chloride content does
not exceed 300 mg/dm?, the total mineralization is less
than 1000 mg/dm’. It is advisable to use such water for
feeding the water-rotation cooling systems of power
plant, boiler plants, industrial enterprises. After addi-
tional treatment, it can be used as drinking water, after
deep deionization, it can be used as energy water.

Metallurgical and Mining Industry

11




Ecology

12

A 10% solution of sodium chloride is used to re-
generate the ion exchanger in the sulfate form and
transfer it to Cl-form. After mixing the spent regen-
eration solution with calcium chloride, most of the
sulphates are precipitated and released as gypsum.
Dissolved sulfates do not affect the efficiency of de-
sorption of sulfates from the anion exchanger AB-17-8
with the repeated use of the regenerated solution clar-
ified on the filter (6).

Anion exchanger in the second stage of anioni-
zation is transferred to the basic or carbonate form
with a solution of alkali or sodium carbonate [9]. The
choice of the form of ion exchanger depends on the
ratio of calcium and magnesium ions in the water sup-

plied to the purification.With a high calcium content,
deeper water softening is achieved when using ion
exchanger in the carbonate formin the second stage of
anionization(9). For the precipitation of magnesium
hydroxide ion exchanger is better to use in the basic
form.Spent regeneration solutions containing sodium
chloride can be processed in an electrolytic cell to
obtain solutions (up to 12%) of alkali and hydrochlo-
ric acid [4].Alkali is expediently used for the regener-
ation of anionite in the filter (9), the acid can be used
to prepare a calcium chloride solution by interaction
with calcium carbonate. Gypsum after the press filter
(13) and the sediment after the press filter (19) can be
used in the production of building materials.

1 - reservoir of mine waters (concentrates, sewage water); 2, 17 - pumps; 3, 8, 11 - supply tanks; 4, 9 -
anion-exchange filters (AB-17-8); 5, 10 - receiving reservoirs of spent regeneration solutions; 6 — belt filter;7
- sump tank; 12, 18 - slurry storage facility; 13, 19 - auger filter press; 14 - clarifier with a suspended sediment

layer; 15 - electrolyte tank; 16 - clarified water tank;

I - supply of mine (sewage) water (concentrate); II - water supply;IIl — CaCl; IV -

supply of sodium

carbonate (alkali); V - water supply to the consumer; VI - solution of hydrochloric acid; VII - alkali solution;
VIII - gypsum for recycling; IX - sediment for recycling

Figure 3. Schematic diagram of demineralization of mine (sewage) water (concentrates)

Thus, the ion-exchange separation of chlorides
and sulfates allows creating a low-waste technology
for the demineralization of mine and other wastewa-
ter.

Conclusion

When using anion exchanger AB-17-8 inCl-form,it
is possible to purify wastewater from sulfates in the
presence of chlorides at a sulfate concentration up to
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2000 mg/dm®. The efficiency of separation increas-
es with a decrease in the concentration of anions in
water. It is shown that desorption occurs quite effi-
ciently with repeated use of deoxidized regeneration
solutions.

A principal technological scheme for the demine-
ralization of mine and waste water is proposed based
on the ion-exchange separation of chlorides and sul-
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fates, basifying the water on the anionite in the basic
form, which allows obtaining water with mineraliza-
tion < 1000 mg/dm?, hardness< 2.3 mg-eq/dm*when
the wastes are completely recycled.
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