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LOW WASTE TECHNOLOGIES FOR WATER SOFTENING AND
DECARBONIZATION

Vorobiova O. 1., Trus I. M., Gomelya M. D.

National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”
dwamcy@gmail.com

As it is known, all natural water sources contain hardness ions in varying
guantities. Water hardness is caused by the presence of calcium and magnesium salts.
The standard hardness indicator in drinking water is 7 mg-eg/dm?3. However, in the
wastewater of mining enterprises, the hardness indicator can reach 50 mg-eq/dm3.
The use of hard unsoftened water in industry leads to the formation of limescale on
the internal surfaces of boilers and heat exchangers, that reduces their efficiency.
Discharging such water into surface waters significantly worsen the ecological
situation of the regions. Therefore, it is necessary to get rid of hardness ions by
softening wastewater [1, 2].

The following methods are most commonly used for water softening: thermal,
reagent, ion exchange, and combined methods.

In case of reagent softening, accurate dosing of reagents during water treatment
Is essential for the successful implementation of the technological process. Usually,
the stability index of water serves as a criterion for the correct selection of reagent
dosages and completion of the softening process.

The authors of the work [3] propose the use of lime, sodium o-phosphate,
sodium fluoride, and sodium hydroxyaluminate for water softening. The use of
sodium aluminate makes it possible to reduce the residual hardness of the water from
2.5 mg-eq/dm? to 0.2 mg-eq/dm?, which is a good result.

In the studies [4, 5], lime and 2/3 hydroxychloride of aluminum were used for
water softening and simultaneous removal of sulfates. The authors of the study [6]
used lime and metallic aluminum for the same purpose. When these reagents are
used, effective softening and purification of water from sulfates can be achieved.

The use of ion exchange in water softening processes allows for operation in a
wide range of pH values of the solution and achieves significant desalination of
water. At the same time, the salt concentration in the water can be maintained at a
desired level [7].

For the stable operation of industrial equipment, hard water must be stabilized.
The stabilization issue can be solved either by water softening, or by its
decarbonization. Although sodium-cation softening significantly increases the water
alkalinity, the complete removal of hardness ions from the water during the pre-
treatment stage is economically impractical. Therefore, a better solution to the
problem may be the use of weakly acidic cation exchange resins in acidic form prior
to membrane water treatment. With this treatment, partial softening of the water with
complete decarbonization will occur at a pH decrease to 3-4, which will not affect the
operation of the membranes [8,9].
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Thus, with the use of Dowex MAC-3 and Lewatit-TP-207 cation exchange
resins in acidic form, partial softening of the water and almost complete
decarbonization occurs through partial acidification [10]. The processes occur
through the following reactions:

2KtH* + Ca(HCOs), = (Kt')2C3.2+ + 2H,COs, (1)
2KtH?* + Mg(HCO3), = (Kt):Mg?* + 2H,COs, 2)
H* + HCO3; < H,CO;5; « CO, + H,O (3)

where Kt- — cation exchange resins fragment.

The use of an ion exchange resin in the Na*-form leads to an increase in the pH
of the environment, practically does not affect the alkalinity of the water, and
provides effective softening [11]. Diluted solutions of sulfuric or hydrochloric acid
are advisable for regenerating the ion exchange resin [12].
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