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ABSTRACT

One of the pressing issues today is common salt purification from harmful impurities and
production of salt for medical and household purposes. To obtain high-purity sodium chloride
salt, it is necessary to develop more effective methods for purifying salt from impurities. The
article discusses modern methods for purifying Suzak deposit common salt from harmful
impurities. The main goal of the scientific work is to study the methods of purifying sodium
chloride from impurities. The common salt raw material composition was studied. The content
of impurities of Ca?*, Mg?* and SO4% ions and heavy metals Pb (l1), Cu (lI), Cd (Il), As (V) was
determined. The solubility in the systems NaCl-Na;SO4-H>0, NaCl-CaCl,-H.0 and NaCl-MgCl-
H20 at a temperature of 100-110°C was studied. The effect of temperature and time on the
common salt purification degree using active reagents was studied. It was found that the
highest common salt purification degree from Ca?, Mg?* and SO4% at 30 minutes and 90°C,
respectively, is 99.8%, 99.9%, 99.93%. It was found that the use of a three-component mixture
of Mg(OH):CaC03:CaS04 in a ratio of 1:4-5:6-7 for 20 minutes during purification allows
purifying the NaCl solution from trace impurities of Pb(Il), Cu(ll), Cd(ll), As(V) by 92.0-97.7% and
obtaining 99.4% NaCl. To obtain high-purity salt, effective purification methods of salt from
impurities are recommended, allowing to achieve a purification level of up to 99%.
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Introduction

Kazakhstan has huge reserves of mineral raw
materials — common salt, the reserves of which
amount to more than 1.4 billion tons. In the
chemical industry, NaCl is the main raw material for
obtaining caustic ash and other inorganic sodium-
containing salts. Depending on the purpose, NaCl is
used in many industries [[1], [2], [3]].

The main consumer of high-purity sodium
chloride is the pharmaceutical and food industries.
Particular attention is paid to the methods of
purifying common salt from harmful impurities of
calcium, magnesium, sulfate ions and heavy metals

(Pb, Cd, As, Cu). The common salt purity is
considered one of the most important
requirements in production. At the same time, the
technogenic impact on the environment is growing,
which makes a negative contribution to the
deterioration of its condition [[4], [5], [6]].

The well-known lime and lime-soda methods
do not always purify salts from impurities to the
required quality due to the purification system
complexity [[7], [8]]. To obtain high-purity salt,
large expenses are required, which increase the
product cost. Therefore, it is necessary to use a
more effective method of purifying salt from
impurities [[9], [10], [11]].
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This article examines modern methods of
purifying common salt [[12], [13], [14], [15], [16]].
Currently, the demand for various methods of
producing and processing common salt is growing.
The authors [17] found that when using the
phosphate method of purifying a salt solution, the
purification degree from calcium and magnesium
ions increases to 95-97%.

Currently, Kazakhstan does not produce “extra”
grade salt due to the lack of production and
supplies it mainly from Russia and other countries.

The authors conducted research work on salt
purification and the results obtained do not have
full-scale application. This is due to the technology
developed taking into account the physical and
chemical properties of the deposits [[18], [19], [20].
[21], [22]].

For large-scale use in the pharmaceutical and
food industries as an extra salt, the Suzak deposit
requires chemical purification, since the salt
contains many impurities.

The purpose of the scientific article is to study
the physical and chemical properties of table salt
and to propose modern methods of purification
from harmful impurities and heavy metals using
active reagents and precipitants.

To study the common salt composition,
samples from Suzak deposit were used (Table 1).

Table 1 — Chemical composition of Suzak deposit
common salt samples

Salt composition of common salt, %

NaCl | KCI | MgS04 | MgCl2> | CaClz |CaSOa| Insoluble
residue
93.41| 0.01 | 0.23 0.14 | 0.37 | 2.29 3.55
97.08| 0.02 | 0.10 | 0.045 0 |0.16 2.67
99.07|0.019| 0.11 | 0.046 0 |0.15 0.61
98.68|0.024| 0.12 | 0.047 0 |0.17 0.95

Table 1 shows that, according to the results of
chemical analysis, natural common salt contains
mainly halite mineral and impurities of clay-
carbonate and sulfate materials — sulfate and
calcium and magnesium, magnesium chloride,
calcium chloride and potassium chloride. The salt is
significantly contaminated with insoluble residues
(silt, sand).

Experimental part
Object of research. The purpose of the work is

to purify sodium chloride from harmful impurities
and obtain high-purity salt. In accordance with the

logic of scientific research, a research methodology
was selected for conducting the experiment. It is a
complex of theoretical and experimental methods,
the combination of which makes it possible to most
reliably study such a complex problem of complex
purification of common salt from harmful
impurities and heavy metals using active reagents
and precipitants.

The following research methods were used in
the work: chemical, mass spectrometry, X-ray
phase, scanning electron microscopy and IR
spectroscopy and differential thermal analysis. The
experiments were conducted on a laboratory
thermostatted unit.

Experimental methodology. In the process of
isotherm (Fig. 3, 4) of solubility of water-salt
systems with the participation of NaCl at elevated
temperatures, in the case of incomplete separation
of Ca, Mg, SO, ions from saturated salt solutions,
the remaining minor impurities contained in the
liquid phase during hot filtration of solid sodium
chloride pass into the filtrate.

The saturated NaCl solution separated from the
sediment is evaporated at 100 - 110 °C to 1/2 of the
original volume. The precipitated crystalline target
product is separated from the hot solution. The
mother liquor is again evaporated to 1/2 of the
initial volume, the precipitated crystals are
separated with NaCl and dried at 25-110 °C for 30
minutes.

The discussion of the results

The average composition of Suzak deposit salt
samples No.1 and No.2 was prepared. The
elemental composition of table salt is as follows,%:
0-1.05, Na-36.91, Mg-0.21, S-0.30, CI-61.72, Ca-
0.11. Microstructure of Suzak deposit natural table
salt are shown in Figure 1.

Figure 1 — Energy dispersive analysis of Suzak
deposit table salt
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It is evident from Figure 1 that the studied
sample contains sodium, magnesium, calcium,
chlorine and sulfur bound in the form of
compounds NaCl, KCl, MgS04, MgS04, MgCl,, CaCl,
and CaSO..

Figure 2 shows the IR spectrum of Suzak
deposit common salt. The IR spectrum (Figure 2) of
common salt has intense absorption bands with
wavelengths of 609, 612, 1091 cm™, corresponding
to the Na-Cl bond, other absorption frequency
intensities are not observed.
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Figure 2 — IR spectrum of Suzak deposit table salt

Suzak district has large reserves of rock table
salt, which is mined in an open way. There are
practically no overburden rocks. Suzak steppe is
rich in minerals and provides the Republic of
Kazakhstan with various types of raw materials.
One of the leading places in reserves is occupied by
common salt with the following composition of
deposits: NaCl —90.9-98.2%; Ca — 0.45-0.69%; Mg —
0.12-0.19%; SO4* — 1.98-2.7%; insoluble residue —
2.0-3.0%.

For deep purification and obtaining high-purity
common salt, it is necessary to study the solubility
diagrams of NaCl-CaCl,-H,O and NaCl-MgCl,-H,0.
To study the salt composition, salt samples were
selected, the composition of which is given in
Tables 2 and 3.

Table 2 — Chemical composition of Suzak deposit table
salt samples

Salt composition of common salt, %
NaCl | KCI | MgS04 | MgCl2 | CaClz |CaSOa| Insoluble
residue
93.41| 0.01 | 0.23 0.14 | 0.37 | 2.29 3.55
97.08| 0.02 | 0.109 | 0.045 0 0.16 2.67

Table 2 shows that natural table salt contains
mainly halite mineral and impurities of sulfate and
calcium and magnesium, magnesium chloride,
calcium chloride and potassium chloride.

To determine the content of other impurities
and heavy metals, 2 samples of pre-prepared salt
brine were analyzed using a Varian ICP-820MS
inductively coupled plasma mass spectrometer.
Table 3 shows the content of trace impurities (Pb,
Cu, Cd, As).

Table 3 — Content of heavy metals in salt

Sample | Trace impurity content, pg/dm?3
No.
Pb Cu Cd As
18.21 67.53 9.00 14.01
2 16.01 60.12 7.3 12.43

The analysis results of common salt samples
(Table 3) show that in addition to impurities such as
calcium, magnesium, aluminum, iron, etc., the salt
also contains heavy metals such as lead, copper,
cadmium and arsenic, which requires purification
to obtain “extra” common salt.

As can be seen, Suzak salt contains sodium,
magnesium, calcium, chlorine and sulfur bound in
the form of compounds NaCl, CaCl;, CaSO4, MgS0,,
MgCl,, KCl and heavy metals. In this regard, it is of
interest to study the solubility diagrams of
saturated solutions of common salt in the presence
of the above-mentioned impurities [[18], [19]].

For deep purification of salt from impurities, it
is necessary to study solubility in the systems NaCl-
CaCl-H,0 and NaC1-MgCl,-H,0. The solubility
isotherm in the system NaCl-Na,;SOs,-H>0 was
studied at the temperature of the saturated sodium
chloride solution — 108.5°C. The time for
establishing equilibrium was found by reaching
equilibrium of sodium chloride in the solution [19].

The experimental data on the solubility in the
above-mentioned systems are shown in Gibbs
coordinates on Figures 3 and 4.
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Figure 3 — Solubility isotherm in the system
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NaCl-CaCl-H,0 at 100°C

From the data in Figure 3 it is evident that the
solubility isotherm of the system NaCl-CaCl,-H-0 at
100°C consists of two branches: the NaCl
crystallization branch in the region of 6.1+28.3
mass % NaCl and the CaCl; crystallization branch in
the region of 60.3+41.5% mass % CaCl,. The eutonic
point has the following composition: liquid phase
1.9% NaCl; 41.5% CacCly; solid phase 39.5% NaCl;
55.1% CaCl..
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Figure 4 — Solubility isotherm in the system
NaCl-MgCl2-H20 at 100°C

Similarly, from the data in Figure 4 it is evident
that the solubility isotherm in the system NaC1l-
MgCl>-H,0 at 100°C consists of two branches: the
NaCl crystallization branch in the region of 28.3+0.9
mass % NaCl and the MgCl, crystallization branch in
the region of 42.2+35.0 mass % MgCl,. The eutonic
point has the following composition: liquid phase
0.9% NaCl; 35.0% MgCly; solid phase 5.5% NaCl:
38.5% MgCl,. As shown by the solubility isotherms
of aqueous salt systems with the participation of
NaCl at elevated temperatures, in the case of
incomplete separation of Ca, Mg, and SO, ions from
saturated solutions of technical salt, the remaining
minor impurities contained in the liquid phase
during hot filtration of solid sodium chloride pass
into the filtrate.

To purify the obtained sodium chloride from
trace impurities (Pb, Cu, Cd, As), studies were
conducted at various concentrations of sodium
chloride solution 80-140 g/l NaCl, temperature 70-
90°C, contact time of the residue with the solution
of 20 minutes and molar ratio of

Mg(OH),:CaC05:CaS0, in the residue 1:4-5:6-7. The
three-component mixture was subsequently used
as a precipitant for trace impurities.

A solution of magnesium and calcium chloride,
soda and alkali in an amount of 0.1-0.2% of the
total mass of the solution was added to the
previously obtained solution. The resulting mixture
was stirred for 20 minutes, the residue was allowed
to settle and the residue was filtered from the
sodium chloride solution. Quantitative
determination of trace impurities of lead, copper,
cadmium and arsenic was carried out by the atomic
adsorption method on a Contra device. The
experimental results are given in Table 4.

Table 4 — Residual content of trace impurities after
purification (ug/dm?3), and purification degree (%)

Elemen Concentration of sodium chloride

ts solution, g/l

80 100 120 130 140

Pb 0.65 0.65 0.82 1.01 1.25

91.2 93.4 93.1 93.3 93.1

Cu 1.81 1.80 2.20 2.10 3.37

93.4 95.1 95.2 95.1 95.0

Cd 0.37 0.36 0.46 0.56 0.70

89.9 92.6 92.4 92.3 92.2

As 0.13 0.43 0.71 1.32 2.78

97.7 94.3 93.8 88.4 80.1

* humerator — content of trace impurities, pg/dm3;
denominator — purification degree, %

From the above data of Table 6 it is evident
that deep purification of the sodium chloride
solution from trace impurities of Pb, Cu, and Cd is
within 89.9-95.1% and from As by 80.1-97.7%. The
concentration of mixtures in these solutions is
more than 3 mmol/l, while the molar ratio of the
mixture Mg(OH),:CaC03:CaS0, should be 1:4-5:6-7,
and the contact time of the residue is not less than
20 minutes. The three-component mixture
Mg(OH),:CaC03:CaS0O4 obtained in the process for
purification of the sodium chloride solution from
trace impurities of heavy metals is more effective
than the known single-component coagulants
based on Fe(OH)s;, Mg(OH),, CaCOs, CaSO..

Based on the obtained data, 5 cm® of 0.1 M
Ca(OH), and BaCl;, solutions are added to 1 dm? of
the sodium chloride solution (100 g/dm?3) for
purification. Magnesium hydroxide is precipitated,
then 2 cm?® of 1 M sodium carbonate solution and 3
M ammonia solution are added to pH 12-13.

The resulting purified sodium chloride solution
has the following composition, mass %: NaCl — 13.9;
Na,SO04— 0.0002; CaSO,— 0.02; MgS0O,— 0.001; H,0
— 86.06 and trace impurities, pg/dm3: Pb 0.65-1.01;
Cd 0.37-0.56; Cu 1.81-2.10; As 0.13-1.32. After
cooling the solution to 25°C, sodium chloride
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crystals containing 99.4% NaCl precipitate. Figure 5
shows the energy dispersion analysis of the
obtained sodium chloride. The elemental
composition of table salt is as follows,%: 0-0.95,
Na-37.37, Mg-0.001, S-0.000, CI-61.46, Ca-0.002.
Figure 5 shows the energy dispersion analysis of the
obtained sodium chloride.

Figure 5 — Energy dispersion analysis of the
purified salt

From Figure 5 it can be seen that the impurity
content is Ca-0.002%, Mg-0.001%, and there is no
sulfate ions.

Figure 6 shows derivatograms of purification of
sodium chloride obtained using a Q-1500
Derivatograph.
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Figure 6 — DTA of the residue obtained during the
purification of sodium chloride

On the derivatograms of the resdiues (Figure 6)
obtained during the purification of sodium chloride,
the endothermic effect of dehydration of
CaS04:2H,0 (140-160 and 120-1809C ) is visible, the
endothermic effect of dehydration of CaS04-0,5H,0
(160-180°C) is clearly expressed, i.e. dehydration of
hemihydrate to anhydrite occurs.

X-ray phase analysis of the studied table salts
was carried out on a Panalytical Empyrean X-ray
diffractometer and results are shown in Figure 7.

e

Figure 7 — Diffractogram of the purified sodium chloride

X-ray phase analysis data (Fig. 7). compounds of
table salt, it can be noted that all reflections in
diffraction patterns, as a rule, are characterized by
their own reflection angles, a set of interplanar
distances and intensities of diffraction lines. This
indicates the individuality of the crystal lattices of
the resulting pure compounds of table salt

Thus, the use of a three-component mixture
consisting of Mg(OH),:CaC03:CaS0;, in a ratio of 1:4-
5:6-7 and contact of the residue with it for 20
minutes allows to purify the NaCl solution from
trace impurities of Pb(ll), Cu(ll), Cd(ll), As(V) by
92.0-97.7% and obtain 99.4% NaCl that meets the
requirements of GOST P51574-2018.

Based on the work carried out, it was
determined that the proposed method for purifying
table salt from harmful impurities is effective, since
the degree of purification is up to 99.0%. This
method is aimed at the Suzak deposits, taking into
account the physical and chemical properties of
table salt.

A distinctive feature of this method from other
methods is the study of the physicochemical
properties of table salt, taking into account the
composition of harmful impurities and heavy
metals using active reagents and precipitants.

Conclusions

As a result of the research work, Suzak deposit
common salt’s raw material composition was
studied and the content of impurities of Ca%*, Mg?*
n SO4%ions and the content of heavy metals Pb (l1),
Cu (I), cd (), As (V) were determined. The
solubility in the systems NaCl-Na,SO4-H,0, NaC-
CaClyH,0 and NaCl-MgCl;-H,O was studied and the
isotherm of salt solubility at a temperature of 100-
110°C was constructed.

— 9
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The effect of temperature and time on the
purification degree of common salt using barium
chloride and sodium carbonate was studied, it was
found that the highest purification degree of
common salt from Ca%, Mg?* n SO.* ions at 30
minutes and 90°C, respectively, is 99.8%, 99.9%,
99.93%. It was found that the use of a three-
component mixture of Mg(OH);:CaC03:CaS0, in a
ratio of 1:4-5:6-7 for 20 minutes allows purifying
the NaCl solution from trace impurities of Pb(ll),
Cu(ll), cd(ll), As(V) by 92.0-97.7% and obtaining
99.4% NaCl.

Based on the data obtained, effective methods
for purifying salt from impurities were
recommended, and the combined method can
achieve salt purification above 99.0%.
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Co3aK KeH OpHbIHbIH ac TY3blH KOCnasnapAaH Ta3apTy aaicrepi
AHapbaes A.A., Kabbinbekosa b.H., *Cmaitnos 6.M., Opmarosa .M.

M. dyezoe ameiHdarel Ohmycmik KazakcmaH 3epmmey YHusepcumemi, LLibimkeHm, KazakcmaH

TYRIHAEME

ByriHri KyHHiH ©3eKkTi macenenepiHiH, 6ipi — ac Ty3blH 3MAHAbI KOCManapAaH TasapTy »KaHe
MeAVLMHANBIK KaHEe TYPMbICTbIK ac Ty3blH eHAipy. benrini 6onfanpail, «akcTpa» ac Ty3blHa
CYPaHbIC Kbla CaliblH apTbin Keneai. Mofapbl TasasblKTafbl HATPUN XJOPUAIH any YWiH Ty3abl
KOCMa 3aTTapAaH TasanayAblH, TMIMAI d4iCiH acay KaxeT. Makanaga Co3aK KeH OpHbIHbIH, ac
Ty34apblH KocnanapAaH TasanayAblH, Kasipri xeTingipinreH agictepi KapacTbipbinfaH. folabimm

Makana kengi: 23 Kanmap 2025 HYMDbICTbIH, HErI3r MaKCaTbl HAaTPUWU XNOPUAIH KOCMa 3aTTapAaH Tasanay oA4iCIH 3epTTey. Ac

CapantamagaH eTTi: 16 Haypeiz 2025
KabbingaHapl: 7 cayip 2025

Ty3blHbIH, 6acTanKbl LWWKi3aTbIHbIH, Kypambl 3epTTenin, on Ca?, Mg?* koHe SOs> MOHAAPbIHAH
»aHe Pb(ll), Cu(ll), Cd(ll), As(V) ayblp meTangapbiHaH TypaTbiHbl aHbiKTanabl. 100-110°C
Temnepatypa apanbifbiHaa Nad - G - HO xeHe  NaCl-MgCl-H.O xyienepinperi Ty3aapAbiH,
epiriwTiri 3epTrengi. benceHai 3aTTapAbl KOAAaHbIN ac Ty3blH Ta3anay AdperkeciHe TemnepaTypa
MEeH YaKbITTblH, acepi 3epTTenin, ac Ty3biH Ca?*, Mg?* skaHe SO4> MoHAapbIHaH }KoFapbl Aapexese
Taszanay 30 MuHyTTa KaHe 90°C TemnepaTtypaga 601aTbiHbl XaHe CaMKeciHLe Ta3anay Aapeskeci
99,8%, 99,9%, 99,93% KypaiTbiHbl aHbiKTanabl. Mg(OH)2:CaC03:CaSOs yw KOMMOHEHTTI
KocnacblH 1:4-5:6-7 KaTblHacbiHAa KongaHbin 20 muHyT iwiHae NaCl epitiHgiciH Pb(ll), Cu(ll),
Cd(l1), As(V) mukpokocnanapbiHaH 92,0-97,7% neliiH TaszapTyfa 6onaabl XaHe TasanbiFbl 99,4%
NaCl anbiHaTbIHbI @aHbIKTanAbl. }ofapbl TazanbiKTa Ty34bl any ywiH, 99% aeliH Tas3apTy geHrewniH
KamMTamMacbI3 eTeTiH, KocnanapaaH Ty34bl Ta3apTyAblH TUIMAI 34icTepi yCbiHbINAAbI.

TyiiiH ce30ep: HaTpPUit Xx10pPUAI, ac Ty3bl, Ty34bl Ta3anay agictepi.
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Cnocobbl 0UMUCTKM NoBapeHHOM conun Cy3aKCKOro MecTopoXKAeHUA OT npumecei

Anapb6aes A.A., Kabbin6ekosa B.H., "Cmaiinos 6.M., OpmaHosa .M.

103 HO-KasaxcmaHckuli Mccnedosamensckuli YHusepcumem umeHu M. Ayesoea, LLbimkeHm, KazaxcmaH

AHHOTAUMA

OaHUMm 13 dKTyaJIbHbIX BOMPOCOB Ha CEI'O,D,HFILLIHVIﬁ AeHb ABNAETCA OYUCTKA I'IOBapeHHOl’I conu ot
BpeAHbIX npmmeceﬁ n nonyyeHne Conn meanLUUHCKOro n 6bITOBOro HasHayeHua. Kak U3BeCTHO,
exerogHo Ha I'IOTpeﬁHOCTb I'IVILIJ,eBOﬁ CONU «3KCTpa» pacreT. [nA nonyyeHua BbICOKOYMCTOM
CoNn xnopnaa Hatpuma HEOGXO,D,MMO paspa60TKa 6onee 3¢¢eKTMBHbIX MeTo40B OYUCTKU CON OT
npwmecel‘/'i. B cratbe PacCMOTpPeHbl COBpeMeHHble MeToAdbl OYUCTKU I'IOBapeHHOl’I conm

Noctynuna: 23 aHeapa 2025 Cy3aKCKOTO MECTOPOXAEHWUA OT BpeaHbIXx npumece. OCHOBHaA Lefb Hay4HOW paboTbl
PeueH3unposaxue: 16 mapma 2025 nccnepoBaHMe MeToA0B OUUCTKM X1I0puAa HAaTPMA OT Npumecei. MccnesoBaH cocTaB MCXOAHOTO
MpuHATa B nevaTsb: 7 anpens 2025 Cblpbsi MOBAapPEeHHOW COMM WU onpeaeneHbl copepkaHue npumeceit Ca?, Mg?* n SO4>MOHOB U

TAXenbix metannos Pb(Il), Cu(ll), Cd(Il), As(V). U3yyeH pactBopMmocTb B cucteme NaCl-Na,SOs-
H20, Ned- G- HOwu NaCl-MgCl-H.0 npu Temnepatype 100-110°C. WccneposaH BausHUe
TemnepaTypbl M BPEMEHW Ha CTENeHb OYMCTKMU NOBAPEHHOW CO/U C UCMO/Ib30BaHMEM aKTUBHbIX
peareHTOB, YCTAHOBJ/IEH YTO HaMBbILWEE CTEMEHb OYMCTKM NoBapeHHoW coan ot Ca?t, Mg n SO42
npu 30 muH. 1 90°C cooTseTcTBeHHO cocTasnseT 99,8%, 99,9%, 99,93%. YcTaHOBAEHa, YTO
MCNO/b30BaHME MPU OUMCTKE TPEXKOMMOHEHTHOM cmecn Mg(OH)2:CaCO3:CaSOs B COOTHOLIEHUM
1:4-5:6-7 B TeyeHne 20 MMHYT NO3BOAAET o4MCTUTL pacteop NaCl ot mukponpumecei Pb(ll),
Cu(ll), cd(l), As(V) Ha 92,0-97,7% u nonyuntb 99,4% NaCl. [lna Nony4yeHUs CONU BbICOKOWM
CTENeHu YUCTOTbI pekomeHA0BaHbl 3QPEKTUBHbIE METOAbl OYMCTKM COAM OT MNpumeceit
No3BONAKOLWME JOCTUYb CTENEHb OYUCTKMN A0 99%.

Kntoyeeble €A08a: xN10pUL, HATPUA, NOBaPEHHAA CO/b, METOAbI OYUCTKM CONM.
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