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Abstract

Finding a solution to a problem of water supply and water protection within aquatic ecosystems is one of the major
issues today. The present work treats and gives the solution of an important scientific and technical problem of
developing highly efficient methods of water treatment and wastewater treatment from pollutants, which allows
creating low-waste technologies for demineralization. Nanofiltration water treatment technologies allow obtaining
high-quality drinking water and water with the necessary indicators. Concentrates formed during nanofiltration
purification of highly mineralized natural and mine waters are characterized with high content of hardness ions
and sulfates. Effective purification of water from sulfates can be achieved by using synthesized sodium aluminate
and lime. The degree of softening and purification of concentrates from sulfates depends on the dose of lime and
sodium aluminate, the ratio of reagents and the reaction of medium. The efficiency of the extraction of sulfates from
water increases with increasing dose of lime at a constant dose of coagulant and with increasing dose of sodium
hydroxyaluminate at a constant dose of lime. Exceeding the dose of lime by 20 % more than the stoichiometric ratio
is inappropriate, and it only leads to slight increase in the efficiency of extracted sulfates from water. The efficiency
of sulfate extraction at constant doses of lime increases with increasing dose of coagulant to 20-60% of the
stoichiometric quantity of sulfates. By adjusting the pH of the medium to 7-7.5 with the help of carbon dioxide, an
increase in the efficiency of extraction of hardness ions and sulfates was achieved. During desalination of highly
mineralized waters at the optimal dose of reagents, the concentration of sulfates decreased to 69-89 mg/dm3 and
hardness ions to 0.44-1.15 mg-eq/dm3. The regression equations were calculated for the dependence of residual
concentrations of sulfates and hardness ions in water depending on the dose of lime and sodium hydroxyaluminate.
Keywords: highly mineralized waters; sodium aluminate; lime; carbon dioxide; hardness ions; sulfates.

3HECOJIEHHA MIHEPAJII3OBAHUX BO/l ITPU BUKOPUCTAHHI PEATEHTHHUX
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AHoTariqa

BupimeHHsA npo6/ieM Bojo3abe3ne4YeHHs Ta OXOPOHHM BOJ, B paMKaxX BOJHHX €KOCHCTEM € aKTyaJlbHUM NUTAHHAM
cborojeHHs. B po6oTi BUpilleHO Ba)K/IMBY HayKOBO-TEXHiIYHY Mp06JeMy pO3pO6GKU BUCOKOe(PEKTUBHUX METOAIB
BOAOMIATOTOBKM TAa OYUIIEHHS CTIYHUX BOJ, BiJ, 3a6py/HeHb, 10 A03BOJIIE CTBOPUTHU MaJIOBIAXOAHI TeXHOJIOTil
AeMiHepaJisanii. HaHodinbTpaniiiHi TexHoJsiorii BoAONiAroToBKM A03BOJIAAIOTh OTPUMYBAaTH BHCOKOSAKICHY NUTHY
BOJY Ta TeXHOJIOTiYHy BOAY 3 HeOOGXifHMMH mNoOKa3HMKaMH. KoHIeHTpaTH, fKi yTBOpPIOIOTbCA NpHU
HaHOQi/IbTpaLiHHOMY OYHILEHHI BHCOKOMiHepa/i30BaHMX NPHPOAHUX Ta IWIAXTHUX BOJ, XapaKTepHU3yOTbCS
NiABUILLEHUM BMiCTOM i0HiB >kKopcTKocTi i cy/ibdaTiB. EQpekTHBHOrO0 ouMilieHHA BOJM Bij cy/ibdaTiB MOKHA JOCATTU
NpM 3aCTOCyBaHHI CHHTE30BaHOTO aJWMiHaTy HaTpilo Ta BanHa. CTymiHb NOM'AKIIEHHS Ta OYMILEHHS
KOHLIEHTPATIB BiJ cy/ibdaTiB 3a/1e:KUTh BiJ, 034 BallHA Ta a/IlOMiHATY HaTpilo, CNiBBiAHOIIEHHSI peareHTiB, peaknii
cepegoBuila. EQpeKTUBHiICTh BUyYeHHs Cy/b]aTiB 3 BOAM 3pOCTAE 3 MiJBUILLEHHAM J03H BallHa NpH NOCTiiHINA x03i
KOaryJsiHTy Ta 3 NiJBUIleHHAM J03M TiApOKCcoaTIOMiHaTy HaTpilo NpM NocTiiHii A03i BanHa. [lepeBuIeHHA 103U
BanHa Ha 20 % G6isblie Bij cTeXioMEeTPUYHOrO CHiBBiJHOLIEHHA € HEJOPEeYHUM, OCKiJIbKM NPU3BOJHUTH A0
He3HayHoro miJBuiieHHsA epeKTHMBHOCTI BUIy4eHUX cy/abdaTiB 3 Boau. EQekTuBHicTh BUIydeHHA cyabdaTiB 3a
NMOCTiiHUX 03 BallHa 3POCTA€ 3 MiJBHMILEHHAM JA03U KoaryJsHTy Ao 20-60 % Bij crexioMeTpU4HOI Ki/IbKOCTI
cysbdaris. IIpu goBeaeHHi pH cepeaoBuma A0 7-8 3a JO0NOMOrow BYIJIEKMCJIOTO ra3y AOCSITHYTO MiJBUINEHHS
ePeKTUBHOCTI BUJIy4YeHHs iOHIB »KOpPCTKOCTi Ta cyabdaris. IIpu 3HecosileHHI BMCOKOMiHepasi30BaHUX BOJ NpPH
ONTUMaJIBHIN 03] peareHTiB KOHIleHTpalia cyabdaTiB 3HM3UIACh A0 69-89 Mr/aM3 Ta i0HiB xkopcTKOCTi - A0 0.44-
1.15 mr-ekB/am3. B po6GoTi Gy po3paxoBaHi piBHSAHHA perpecii A 3a/1e2KHOCTi 3a/JIMIIKOBUX KOHIEHTpaLii
cy/ibdaTiB i i0HIB 2KOPCTKOCTI y BO/Ii B 3a/1€2KHOCTI BiJ 1034 BalHa i a/JlloMiHaTy HaTpilo.

Karuosi cnosa: BUCOKOMiHepasli3oBaHi BoJY; allOMiHAT HATpilo; BallHO; BYTJIEKUCIWUM ra3; i0HU })KOPCTKOCTI; cy/ibdaTH.
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AHHoTauga

Pemienne mpoG/ieM BoAooGeclneyeHUs M OXpaHbl BOA B paMKaxX BOJHBIX 3KOCHCTEM fABJIeTCH aKTyaJIbHbIM
BONPOCOM COBpPEMEHHOCTH. B paGoTe pemeHa BaXHasA Hay4YHO-TeXHH4YecKas MNpo6JeMa pa3paGoOTKH
BbICOKO3()PEeKTUBHBIX METOAOB BOJONOJrOTOBKH M OYHUCTKHM CTOYHBIX BOJ, OT 3arpA3HUTeJiel, YTO MO3BOJIAeT
CO3/aTh Ma/IOOTXOJHble TEXHOJIOTUM AeMHMHepaiu3anuu. HaHopuabTpanyoOHHbIE TEXHOJIOTHMM BOJAONOATOTOBKHU
MO3BOJIAIOT MNOJYYUTh BbICOKOKA4YeCTBEHHYI0 IMThEBYI0 BOAY U TeXHOJIOTUYECKYI0 BOJYy C HEOGXOAUMBIMHU
nokasarteaAMHU. KoHIleHTpaThl, o6pa3ywiyecs NpyM HAHOPU/IbTPALMOHHON OYHMCTKe BbBICOKOMHHEPAJIU30BaHHBIX
NPUPOAHBIX U IIAXTHBIX BOJ, XapaKTEePHU3YIOTCA MOBBIIIEHHBIM COAep)KaHHMEM HMOHOB KECTKOCTH M CyJb(aToB.
9P PeKTUBHOI OYHUCTKHU BOJBI OT CyJb(PATOB MOXKHO AOCTHYb NPHU NPUMEHEHHH CHUHTE3HMPOBAHHOTO a/IIOMHHATA
HaTpHA M u3BecTH. CTeneHb yMAr4eHUs M OYMCTKH KOHLIEHTPATOB OT Cy/ibaTOB 3aBMCHT OT A03bl U3BECTH U
aJIIOMHUHATA HAaTPHs, COOTHOLIEHHs peareHToB, peaknuu cpeAbl. G PeKTHBHOCTh U3BJIe4eHHU Cy/1bPaTOB M3 BOABI
BO3pacTaeT C MNOBbIIIEHHEM A03bl HM3BEeCTH NPHU MOCTOSIHHOM J03€ KOaryJsAHTa M C NOBbIIIEHHEM [A03bI
THAPOKCOA/IIOMUHATA HAaTpUsA NPHU NOCTOSHHOM J03e u3BecTU. IlpeBbilieHHMe A03bl M3BecTH Ha 20 % GoJibine
CTEXMOMETPUYECKOT0 COOTHOIIEHHUsA HEYMeCTHO, TaK KaK MNPUBOAUT K He3HAYMTEeJIbHOMY NOBBILIEHHIO
3¢ PeKTUBHOCTH U3BATHA CyJIb(PaToB M3 BoAbl. IPPEeKTUBHOCTh U3BJIeYeHHs CyJbPaToOB NPU NMOCTOSAHHON A03e
U3BEeCTH BoO3pacTaeT C IOBbIIIEHHEM A03bl KoaryJdaHTa A0 20-60% OT cTeXMoMeTpHYeCKOro KoJIM4ecTBa
cynbdaTtos. Ilpu poBesennun pH cpeiabpl A0 7-8 ¢ moMompbl0 YrjeKHCJIOro rasa JAOCTHUTHYTO NOBbIIIEHUE
3¢ PeKTUBHOCTH HM3BJIeYeHUsA MOHOB >KECTKOCTH U cyabdaToB. Ilpn oGeccoiMBaHMM BbICOKOMHHEPA/JIM30BaHHbBIX
BOJ, NPH ONTHUMAJbHOH [A03e peareHTOB KOHLEHTpauMsa cyab$aTOB CHHM3WIACh A0 69-89 Mr/aM3 M HOHOB
’KecTKocTH - A0 0.44-1.15 mr-skB/am3. B pa6oTe 6bIM paccYuTaHbl YPaBHEHUA perpeccuy JJsA 3aBHCUMOCTH
OCTAaTOYHBIX KOHILEHTPALMH Cy/1bPaTOB U MOHOB )KEeCTKOCTH B BO/le B 3aBMCHUMOCTH OT J03bl U3BECTH M aJJIOMMHATA
HaTpus.

Keywords: BbICOKOMHHepa/JM30BaHHble BOJbI; AJIOMHUHAT HATpHs; WU3BECThb; ABYOKHChb YIJepoJa; HOHBI KECTKOCTH;
cyabdaThl.

Introduction

In many parts of the world, especially in the
industrialized areas, excessive pollution has a
negative impact on the human health and
efficlency. One of the main problems of
environmental pollution is the surface water
pollution. Intensive mining leads to changes in
the regime and balance of groundwater, the
transformation of the chemical composition of
natural waters with the formation of mineralized
mine water, pollution of surface watercourses,
the development of consolidation and
compaction of rocks and many other phenomena
and processes [1-4]. The chemical composition
and general mineralization differ from the
groundwater surrounding the mine workings,
which is associated with the oxidation of mine
water, increased leaching of rocks, changes in
bacterial and gaseous composition, as well as
their contamination by petroleum products, oils,
etc. [5; 6]. Discharge of mineralized mine water
into the river network worsens the
environmental situation even further. It also
leads to siltation and acidification of surface
watercourses, which are often sources of
drinking and industrial water consumption. Many
large and medium-sized rivers have almost lost
their water management value and recreational
value. The water stocks have decreased, the
quality has deteriorated, and the shortage of

drinking and industrial water has increased. This
situation is typical for the majority of coal basins
around the world [7; 8]. The problem can be
solved by effective treatment of mineralized
wastewater, including mine water.

To ensure environmental safety all
mineralized water must be desalinated before
being discharged into open water. Processing of
mineralized mines will help solve the problem of
water supply in the regions where the water is
scarce [9; 10].

High pollution of water bodies with
mineralized waters and toxic substances requires
the development of effective measures to reduce
this impact, so the problem of environmental
management and the transition to the use of
environmentally  friendly energy efficient
technologies is acute [11; 12].

Baromembrane water treatment techno-logies
allow obtaining high-quality drinking water and
water with the necessary indicators [13; 14]. This
produces concentrates with high mineralization
(above 4 g/dm3), which require further
processing [10; 15]. When using nanofiltration
membranes, the degree of extraction of sulfates is
97 %, for reverse osmosis membranes, this value
reaches 99 % [16]. When choosing a method of
baromembrane cleaning, it is important to assess
the environmental and economic components of
the process [17]. Nanofiltration desalination
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concentrates are characterized with high
hardness, sulfates and alkalinity, chloride
concentration does not exceed 100 mg/dms3.
Discharge of mineralized solutions into water
bodies is prohibited according to the existing
environmental legislation. Therefore, when
processing concentrates, it is advisable to soften
them and remove sulfate ions, which will reduce
the level of their mineralization to acceptable
values. Purified concentrates can be discharged
into reservoirs or reused in the process of water
treatment [2].

The removal of sulfate ions is one of the main
problems in the mining, metallurgical and other
industries [18]. Due to the high solubility and
stability of sulfates, their extraction from mine
waters is a challenge. Methods of electro-
coagulation [19; 20], ion exchange [21; 22], and
adsorption [23-26] are used to extract sulfate
ions from mine waters. Many methods have not
been widely used due to the low productivity,
high process costs, the use of hazardous
chemicals and waste generation [27; 28].

The main advantages of the method of reagent
water softening are its cheapness and simplicity
of hardware design as well as the possibility of
hardness salts separation in the form of non-toxic
sediments that can be disposed [29].

The removal of sulfates from acidic mine
waters is quite effective during precipitation with
barium compounds [30]. But when using barium
salts, toxic precipitates are formed, which are
difficult to dispose of. Magnesium was used to
remove sulfate from mine water. At pH = 12.5,
sulfate is extracted, but at pH = 9.6, the sulfate is
in the soluble state in the form of magnesium
sulfate [31]. The lime is used to soften the water,
which is considered to be a highly eco-friendly
and a very cost effective technique for softening
process [32]. At one-stage treatment of mine
waters by lime it is possible to remove effectively
a considerable quantity of metals (99.4 % for Al
% for Cd, 99.6 % for Co, 99.7 % for Cu, 98.5 % for
Mn, 99.7 % for Ni, 99 % for U, and 99.5 % for Zn)
[33]. However, the residual concentrations of
sulfates are quite high. A coagulant was used to
increase the effectiveness of the reagent
softening. Sodium aluminate is characterized
with high efficiency of pollution removal, it does
not oxidize the cleared water. The coagulant is
easy to dispense and does not contain heavy
metals. Lime and sodium hydroxyaluminate were
used as reagents in the studies. The dose of
reagents was calculated based on the
composition of the precipitate formed during the
co-precipitation of calcium aluminate and

gypsum - 3Ca0 - Al;03 - 3CaSOs. In addition, the
consumption of lime to soften the water was
taken into account.

The aim of the work is to develop effective
methods of reagent desalination of highly
mineralized waters and water purification from
sulfates without increasing the concentration of
chloride ions in purified water.

Materials and methods

Synthesis of sodium hydroxyaluminate. 100 g of
a 70 % solution of NaOH was added to a three-
necked reactor with a stirrer and a condenser.
The temperature of the solution was raised to
70-80°C with the help of an oil bath. At this
temperature, while constantly stirring, 122 g of
technical amorphous Al(OH); was added in parts
(TU 48-5-128-89, containing 52.5-53.7 % Al,0s,
0.017 % Si0O2, 0.029 % Fe;03, 0.3 % (Naz0 + K0)
(in terms of Na;0) and 10.27 % water). Each
subsequent portion of Al(OH)z was added after
dissolving the previous one. After dissolving all
Al(OH) 3, the solution was cooled, 50 cm3 of water
were added. The volume of the solution was
determined and the concentration of Na[Al(OH)4]
in g/dmz and g-eq/dm3 was calculated based on
the amount of Al(OH)s3.

In the case when the content of free alkali in
the coagulant was 25 %, in order to reduce the
content of free alkali, 2 g of Al were added to
20 cm3 of solution. The solution was heated until
complete dissolution of Al. The concentration was
calculated  based on the determined
concentration of aluminum by NaAl(OH)s in
g/dm3 and g-eq/dms3.

Reagent water softening using synthesized
sodium and lime aluminate. Concentrates formed
during the nanofiltration purification of highly
mineralized natural and mine waters are
characterized by high content of hardness ions
and sulfates. The concentration of sulfates in
concentrates at a degree of permeate selection of
70% ranges from 1200-3000 mg/dm3, the
hardness exceeds 20-40 mg-eq/dms3. Therefore,
in the research process a model solution similar
in composition to real mine waters and
nanofiltration desalination concentrates was
used, with the content of sulfates 32.0 mg-
eq/dms3, chlorides 3.0 mg-eq/dm3, hardness
58.9 mg-eq/dm3, alkalinity 18.7 mg-eq/dm3, pH
6.5.

Lime and sodium  hydroxyaluminate
synthesized in the laboratory, were used as
reagents for softening high-hardness water while
removing sulfates.
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The calculated amount of lime was added to
the water while stirring, followed by sodium
hydroxoaluminate. The solution was stirred for 2
hours. The precipitate was separated by settling
and filtration. Carbon dioxide was being passed
through clarified water with a pH of 12.0-12.5
until a pH of 7.0-7.5 was reached. The treated
water was clarified by filtration. The residual
hardness, alkalinity, concentration of sulfate
anions were determined afterwards.

Water hardness was determined by
trilonometry with eriochrome black T indicator,
alkalinity was measured by acid-base titrimetric
method in the presence of phenolphthalein and
methyl orange indicators. Sulfates were
determined by spectrophotometric method with
barium ions, while the argentometric method of
Moore was used for chlorides determination, pH
was measured with a pH meter pHTestr 30
(Eutech Inst., USA).

The degree of softening (Z) and the degree of
extraction of sulfates from water (A) was
calculated by the formulas:

H; Cso}‘i

Z=(1 HP) 100 A (1 CSDE';I} 100

)

where H; - initial hardness; H, - hardness in
the purified water; Cg3-; - is the (initial

concentration of sulfates; €53, - concentration of

sulfates in purified water.

Results and Discussion

One of the most important factors in the
coagulation process is the amount of reagent that
determines the efficiency of water purification
[34]. When using iron coagulants there is a
secondary contamination of water with iron ions
and chlorides [35].

Sodium hydroxaluminate additionally
introduces sodium ions and alkali into the water,
the 10 % excess of which is always present in the
solution of this reagent. Therefore, when using
lime and sodium hydroxyaluminate, the alkalinity
of water reaches high values. When treating
water with lime and sodium hydroxyaluminate,
carbon dioxide was used to neutralize the
solution. This has significantly increased the
efficiency of water purification from sulfates with
high water softening efficiency. When water is
treated with carbon dioxide, its pH decreases
from 12-12.5 to 7-7.5. In a number of
experiments, the sulfate content decreased to 69-
103 mg/dm3, the hardness decreased to 0.44-
5.30 mg-eq/dm3. Hydrate alkalinity in most cases
was zero, the total alkalinity was 23-25 mg-
eq/dm3. Effective extraction of sulfates occurs
when using lime and sodium hydroxyaluminate
in a stoichiometric amount or in excess of 20 %.
Reducing the dose of aluminum coagulant leads
to a decrease in the efficiency of extraction of
sulfates and hardness ions from the solution
(table 1).

Table 1

The effect of the dose of reagents on the efficiency of extraction of sulfates and hardness ions during treatment of the
solution with lime, sodium hydroxyaluminate (I) and lime, sodium hydroxyaluminate and carbon dioxide (II)

" Dose Ca0, Dose Na[AI(OH)4], SeOc;;dﬁg- el-cll,/rgg3 Alkalinity, Togt-ael()]/dm3 (OH;
mmol/dm3 mmol/dm3
[ 11 I Il I Il
1 116.0 4.50 12.87 1145 590 4.50 8.0; 20.5 0.0;22.7
2 116.0 4.75 10.32 9.14 6.10 3.52 9.3;214 0.0; 23.9
3 116.0 5.00 8.13 6.81 6.30  2.63 12.0; 225 0.0; 23.4
4 116.0 5.25 6.22 4.45 870 1.69 15.3;27.0 0.0; 23.6
5 116.0 5.50 5.11 2.06 10.20 0.8 17.8;29.3 0.0; 23.9
6 121.0 4.50 10.15 7.96 690 491 8.9;21.8 0.0; 23.9
7 121.0 4.75 8.45 6.45 730 393 10.3; 26.8 0.0; 24.2
8 121.0 5.00 7.10 4.97 820 3.03 11.4;28.2 0.0; 24.3
9 121.0 5.25 5.85 3.49 10.20 2.01 15.7;31.7 0.0; 24.7
10 121.0 5.50 3.95 1.98 1240 111 19.2;35.4 0.0; 24.9
11 126.0 4.50 7.12 4.38 12.70  5.30 9.6;22.3 0.0; 24.5
12 126.0 4.75 4.95 3.77 13.00 4.35 13.2;29.6 0.0; 24.7
13 126.0 5,00 4.70 3.15 15.20 3.33 21.2;39.0 0.0; 24.8
14 126.0 5.25 3.25 248 1640 2.36 24.4;42.1 0.0; 25.1
15 126.0 5.50 2.60 1.89 17.20  1.40 27.1;47.3 0.0; 25.3

Figure 1 shows the dependence of the degree
of extraction of sulfates and the degree of
softening of the solution on the dose of sodium
hydroxyaluminate. At a dose of 120 mg-eq/dm3
of lime, increasing the dose of sodium

hydroxyaluminate from 4.5 to 5.5 mmol/dm3
increases the rate of extraction of sulfates from
87.3 to 95.5 % and the degree of softening from
90.2 t0 98.0 %.
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Fig. 1. Dependence of the degree of softening (Z) and
degree of extraction of sulfates (A) on the dose of
sodium hydroxyaluminate at a dose of lime 120 mg-
eq/dm3

To implement the method of reagent
treatment of mineralized mine waters it is
necessary to have dependencies that show the
main parameters of the process in optimal
conditions. Therefore, regression equations were
calculated for the dependence of residual
concentrations of sulfates and hardness ions in
water depending on the dose of lime and sodium
hydroxyaluminate.

The calculation was based on a complete
factor plan (CFP) of type 22 [36]. The plan-matrix
of CFP 22 and the results of the experiment of
residual concentrations of sulfates in water
depending on the dose of lime and sodium
aluminate are shown in table 2.

Table 2

Plan-matrix CFP 22 and the results of studies on the extraction of sulfates from aqueous solutions using lime and
sodium hydroxyaluminate

Planning matrix

Natural value of factors

Value of parameters

Ne X1 X2 Dose Ca0, mmol/dm3 Dose Na[Al(OH)4], mmol/dm3 C (SO LZf ), mg-eq/dm3
1 -1 -1 116.00 4.50 11.45
2 +1 -1 126.00 4.50 4.38
3 -1 +1 116.00 5.50 2.06
4 +1 +1 126.00 5.50 1.89

As a result of the appropriate calculations
after checking the compliance of the results of the
study, assessing the significance of the obtained
coefficients and checking the regression equation
for adequacy, the dependence is as follows:

Y =4945-1.810'X1-2.970-X2 + 1.725-X1-X> (1)
Code values:
p(Ca0-121.00
N=—T"o (2)
X, = Di{Na[Al(OH),] )—5.0) (3)

0.5

After replacing the code values with natural
ones, the following regression equations were
obtained:

y 495.897 3.812-D (Ca0)
-D (NaAl(OH)4) + 0.690-D (Ca0) D(NaAl(OH)4)

89.430-
(4)

-

120

D(Na[Al(OH)), mg-mol/dim?

Cochren's criterion is: G, = 0.5384. The limit
value of the Cochren's criterion (G) for f = 2 and
N=4 1is G=0.768. The experiments are
reproducible, as the requirement G, < is
satisfied.

The obtained dependence is presented in
Figure 2 in the form of a plane on which lies the
solution of the given equation. The figure shows
the dependence of sulfates concentration in
aqueous solutions on the concentration of

G

reagents.
During the purification of the model solution,
the consumption of reagents was 4.0-

5.5 mmol/dm3 for sodium hydroxoaluminate and
110-130 mg-eq/dm3 for lime. The efficiency of
water purification from sulfates increased with
increasing the dose of sodium hydroxyaluminate
and lime.

W20-25
m]15-20
m10-15
m5-10
m0-5

-), mg-egv/dm?

-

C(SO2

—
115

D(Ca0), mg-egv/dm?
Fig. 2. Graphic representation of the results of CFP type 22 when removing sulfates from the aqueous
solutions while using lime and sodium hydroxyaluminate
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Table 3

Plan-matrix CFP 22 and the results of studies on the extraction of hardness ions from aqueous solutions
using lime and sodium hydroxyaluminate

Planning matrix

Natural value of factors

Value of parameters

Ne X1 X2 Dose Ca0, mmol/dm3 Dose Na[Al(OH)4], mmol/dm3 Hardness, mg-eq/dm3
1 -1 -1 116.00 4.50 4.50
2 +1 -1 126.00 4.50 5.30
3 -1 +1 116.00 5.50 0.80
4 +1 +1 126.00 5.50 1.40

The conformity of the research results was
checked, the significance of the obtained
coefficients was assessed and the regression
equation was checked for adequacy. As a result of
the corresponding calculations the unknown
dependence looks in the following way:

¥ =3.000 + 0.350-X1 - 1.900-X2 - 0.050-X1-X2  (5)
After replacing the code values in the obtained
equation with natural ones

D(Ca0-121.0)
X = ~ e (6)
__ D(Na[Al{OH),] )-5.0)

X
z 0.5

(7)

the following regression equation was received:

Y = 1.430 + 0.170-D (Ca0) - 1.380-D (NaAl(OH)4) -
(8)

0,020-D (Ca0) D (NaAl(OH)4)

D(NaAl(OH),), mg-mol/dm?

Cochren's criterion is: G, = 0.3265. The limit
value of the Cochren's criterion (G) for f = 2 and
N=4 is G=0.768. The experiments are
reproducible, as the requirement G, < G is
satisfied.

The obtained dependence is presented in
Figure 3 in the form of a plane on which lies the
solution of the given equation. The figure shows
the dependence of hardness ions’ concentration
from aqueous solutions on the concentration of
lime and sodium hydroxyaluminate.

The analysis of the presented results shows
that the residual stiffness decreases from 8 to the
values of = 1 mg-eq/dm3 with a decrease in lime
consumption from 130 to 115-110 mg-eq/dm3.
As the consumption of sodium hydroxyaluminate
increases from 4.0 to 5.5 mmol/dms3, the water
softening efficiency increases.

S ey e
[
T
-

H, mg-egv/din?

m]-2

mo-1

120

30
D(Ca0), mg-egv/dm?

Fig. 3. Graphic representation of the results of CFP type 22 when removing hardness ions from the aqueous
solutions while using lime and sodium hydroxyaluminate

The maximum concentration limit for sulfates
in drinking water bodies is 500 mg/dm3, and for
fishery purposes it is 100 mg/dm3. In the
demineralization of wastewater, the vast majority
of which in one way or another enters surface
water, it is important to reduce the concentration
of sulfates to values <100 mg/dm3 with total
mineralization <1000 mg/dm3. As can be seen
from Fig. 2, Fig.3 and table. 1 effective softening
of the solution occurs at a 5.00-5.50 mg-mol/dm3
dose of sodium hydroxyaluminate and when a
dose of lime is 110-130 mg/dm3. When doses of
sodium hydroxyaluminate and lime of are equal
to 4.50-5.00 mg/dm3 and 110-115mg/dm3
respectively, mineralized water is also softened,

but the efficiency of sulfate extraction at such
doses is insufficient. To reduce the concentration
of sulfates to values less than the MPC, the dose of
sodium hydroxyaluminate should be 5.25 mg-
mol/dm3 at a dose of lime 128-130 mg/dm3 and
5.50 mg-mol/dm3 at a dose of lime 110-130
mg/dm3.

Using the data of the regression equation, it is
quite easy to calculate the doses of reagents for
the extraction of sulfates and stiffening ions when
used as an aluminum coagulant sodium
hydroxyaluminate.

Conclusions
1. The efficiency of extraction of sulfate anions
from model solution similar in composition to
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real mine waters and nanofiltration desalination
concentrates and softening efficiency depending
on doses of lime and sodium hydroxyaluminate
were determined. It was shown that the
efficiency of purification of model solutions from
sulfates depends on the doses of lime and
aluminum coagulant. When the pH of the medium
is adjusted to 7-7.5 with the help of CO2 an
increase in the effective extraction of hardness
ions and sulfates is achieved. During desalination
of highly mineralized waters at the optimal dose
of reagents, the concentration of sulfates
decreased to 69-89 mg/dms3 and hardness ions to
0.44-1.15 mg-eq/dm3.

2. On the basis of the complete factor plan the
regression equation which has linear character is
received. The equation allows optimizing the
calculation of the dose of sodium and liming
aluminate. When using sodium aluminate in the
amount of 5.5 mmol/dm3 and at a dose of lime
110-115 mg-eq/dm3, the residual stiffness does
not exceed 1 mg-eq/dm3 at a sulfate
concentration of ~ 73.5 mg/dma3.
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