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A. Kadirbayeva, D. Urazkeldiyeva, R. Tanirbergenov, G. Shaimerdenova*

M. Auezov South Kazakhstan University, Shymkent, Kazakhstan.
E-mail: danel01kz@gmail.com

PURIFICATION OF TECHNICAL SODIUM CHLORIDE FROM THE TASTY 
TUZ DEPOSIT OF THE REPUBLIC OF KAZAKHSTAN

Abstract. Kazakhstan is one of the richest countries in Central Asia in terms of 
reserves of natural sodium salts. One of the most important issues today is the purification 
of sodium chloride salts from impurities for industrial, medical and domestic use. The 
object of the study was a rock salt deposit. After determining the chemical composition 
of the salt, a saturated solution was prepared and separated from mechanical impurities 
by filtration. The barium carbonate method was chosen to purify the saturated solution 
(brine). The chosen method is more expensive and less soluble than lime, lime-soda, 
lime-sulfate methods. However, sodium chloride obtained by the barium carbonate 
method is of high purity. Therefore, barium carbonate has been used to produce a high 
purity salt, which is used in medicine, industry and industries that require very pure 
salts. A saturated salt solution was prepared for purification. The saturated solution was 
filtered from the mechanical mixture using a vacuum filter. Saline solution was poured 
the filtered into a three-necked flask and place in a thermostat. Optimal parameters 
of temperature and time for brine purification were determined by continuous stirring 
of the solution in the thermostat. In practice, studies were conducted at temperature 
intervals from 70 to 110°C and time of 15-40 min. The time and temperature at which 
the degree of purification of sodium chloride showed the highest result were chosen as 
optimal parameters. Several experiments with the selected parameter were carried out 
and the composition of the finished product was analyzed. According to the results of 
the study, the salt contains only Na+ and Cl- ions. According to the selected parameters, 
the degree of purification of the brine with BaCO3 is up to 99.9%.

Key words: sodium chloride, brines, table salt, salt purification, crystallization.
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ҚАЗАҚСТАН РЕСПУБЛИКАСЫНДАҒЫ «ТАСТЫ ТҰЗ» КЕН 
ОРНЫНДАҒЫ ТЕХНИКАЛЫҚ НАТРИЙ ХЛОРИДІН ТАЗАЛАУ

Аннотация. Қазақстан Орта Азиядағы табиғи натрий тұздары кендеріне бай 
мемлекеттердің бірі. Өндірісте, медицинада және тұрмыста қолдану мақсатында 
натрий хлоридінің тұздарын қоспалардан тазалау қазіргі таңдағы маңызды 
мәселелердің бірі болып табылады. Зерттеу объектісі ретінде «Тасты тұз» кені 
алынды. Тұздың хмиялық  құрамы толық анықталған соң, оның қаныққан ерітіндісі 
дайындалып, механикалық қоспалардан сүзу арқылы бөлініп алынды. Қаныққан 
ерітіндіні (тұздықты) тазалау үшін барий – карбонатты әдісі таңдалынып алынды. 
Таңдалынған әдіс әкті, әкті – содалы, әкті – сульфатты әдістеріне қарағанда 
қымбат және оның ерігіштігі төмен. Бірақ барий карбонаты әдісімен алынған 
натрий хлор тұзы тазалығының жоғарылығымен ерекшеленеді. Сондықтан 
медицинада, өндірісте, аса таза тұздарды қажет ететін салаларда қолданылатын  
жоғары тазалықта тұз алу үшін барий карбонаты пайдаланылды. Тұзды тазалау 
үшін оның қаныққан ерітіндісі дайындалды. Қаныққан ерітінді вакуум – 
сүзгіні пайдаланып механикалық қоспадан сүзілді. Сүзілген тұздың ерітіндісін 
үш мойынды колбаға ауыстырып, термостатқа орналастырады. Термостатта 
ерітіндіні үздіксіз араластыру арқылы зерттеу жұмысында тұздықты тазалаудың 
оптималды температура және уақыт мәндері қарастырылды.  Тәжірибеде  70-1100С 
аралығындаңы оңтайлы температура мен 15-40 мин тиімді уақыт параметрлері 
қарастырылды. Ең жоғары натрий хлоридінің тазалану дәрежесін көрсеткен уақыт 
пен температура шамасы тиімді параметр ретінде таңдалынды. Таңдалынған 
параметр бойынша бірнеше тәжірибе қойылып, дайын өнімнің құрамына талдау 
жасалынды. Зерттеу нәтижесі бойынша тұздың құрамында тек Na+  мен Cl - 

иондарынан тұратындығына көз жеткізілді. Таңдалынған параметрлер бойынша 
BaCO3 – пен тазаланған тұздықтың  тазалану дәрежесі – 99,9% дейін жететіндігі 
анықталды.

Түйін сөздер: натрий хлориді, тұздық, ас тұзы, тұздарды тазалау, кристал-
лизация.
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ОЧИСТКА ТЕХНИЧЕСКОГО ХЛОРИДА НАТРИЯ МЕСТОРОЖДЕНИЯ 
«ТАСТЫ ТҰЗ» РЕСПУБЛИКИ КАЗАХСТАН

Аннотация. Казахстан является одной из самых богатых стран Центральной 
Азии по запасам природных солей натрия. Одним из важнейших вопросов на 
сегодняшний день является очистка солей хлорида натрия от примесей для промыш-
ленного, медицинского и бытового применения. Объектом исследования являлось 
месторождение каменной соли «Тасты туз». После определения химического 
состава соли готовили насыщенный раствор и отделяли его от механических при-
месей фильтрованием. Для очистки насыщенного раствора (рассола) был выбран 
барий-карбонатный метод. Выбранный способ является более дорогим и менее 
растворимым, чем известковый, известково-содовый, известково-сульфатный 
способы. Однако хлорид натрия, полученный методом карбоната бария, отличается 
высокой чистотой. Поэтому карбонат бария использовали для получения соли 
высокой чистоты, которая используется в медицине, промышленности и в отраслях, 
требующих очень чистых солей. Для очистки готовили насыщенный раствор 
соли. Насыщенный раствор отфильтровывали от механической смеси с помощью 
вакуум-фильтра.  Отфильтрованный солевой раствор перелили в трехгорлую 
колбу и поместили в термостат.  Оптимальные параметры температуры и времени 
для  очистки рассола определили при непрерывном перемешивании раствора в 
термостате. На практике проводились исследования при интервалах температуры  
от 70 до 110°С и времени 15-40 мин. В качестве оптимальных параметров были 
выбраны время и температура, при которых степень очистки хлорида натрия 
показал наивысший результат. Было проведено несколько экспериментов с 
выбранным параметром и проанализирован состав готового продукта. По 
результатам исследования соль содержит только ионы Na+ и Cl-. По выбранным 
параметрам степень очистки рассола с BaCO3 составляет до 99,9%.

Ключевые слова: хлорид натрия, рассолы, поваренная соль, очистка соли, 
кристаллизация.

Introduction. World salt production exceeds 240 million tons per year and more than 
60% of the total salt produced is used in industry, the main consumers of which are the 
chlorine-alkaline and special chemical industries (Xingguo Luo, et all, 2020; А Khalil, 
et all, 2022;). Sun-evaporated salt has been found to contain important impurities such 
as calcium, magnesium, sulfate, bromide, iodide and other trace elements(F. Penha, 
et all, 2020). The presence of such impurities may require further purification of the 
accumulated salt to make it suitable for actual final use (Y. Shen, K et all, 2020). These 
industries prefer high-quality industrial salt with established restrictions on calcium, 
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magnesium, sulfate, bromide, iodide and other trace elements, as the use of such salt 
reduces the cost of salt treatment and wastewater treatment. Sun salt is made from sea 
water, ground salt, lake salt and a solution for mountain salt. In fact, saline rocks come 
from the sea (X. Zhang et all, 2014; Z. Ren, 2021). All of these sources are a multi-
component saline system and are a storehouse of chemicals that contain more than 73 
elements when dissolved in seawater. Therefore, it is important to obtain any of these 
salts in pure form from these sources (Jingxin Shi et all, 2020; Z. Liu et all, 2021).

Materials and methods. High-purity sodium chloride is widely used in medicine 
in the production of saline solutions, as well as as an adjuvant in the preparation of 
various drugs. Technical sodium chloride usually contains K +, Ca +2, Mg +2, CO3 

+2, SO4
-

2 and others. At present, much attention is paid to the development of methods for their 
purification of table salt for use in chemical, food and pharmaceutical industries. To 
purify the salt, 500 ml of its saturated solution was prepared (Kadirbayeva A. A, et all, 
2017). The saturated solution is filtered from a mechanical mixture using a vacuum filter. 
The filtered salt solution was transfer to a three-necked flask and place in a thermostat. 
Brings the temperature in the thermostat to 90 - 1000C. Then the pre-calculated BaCO3 
salt is added and stirred for 25-30 minutes. At the end of the mixing time, the precipitate 
is filtered through a vacuum filter. The filtered solution was evaporated at a temperature 
of 100 - 1080C to a volume of ½. The resulting crystal is filtered through a Buchner 
seed in a vacuum filter (Kucherov M, 2000). The salt crystals are dried in a drying 
oven at 100-1050C for 25-30 minutes, weighed and chemically analyzed. The mother 
solution is then re-evaporated to volume ½, the formed NaCl crystals are dried, weighed 
and chemically analyzed. The formed carbonates Ca, Mg were determined by chemical 
analysis. Flame photometry, atomic absorption, Folgard method, complexometric 
methods and volumetric methods were used to determine the chemical composition of 
sodium chloride.

Results. The chemical analysis of the chemical composition of sodium salt from the 
“Tasty tuz” deposit was carried out. The results of chemical and microscopic analysis 
are given in Table 1 and Figure 1-2. Sodium chloride was found to be rich in Ca + 2, Mg 
+ 2, SO4 

-2 ions.
Table 1 - Chemical composition of table salt from Tasty tuz field (№ 1)

№ Na Cl Al2O3 SiO2 MgCl2 CaCl2 CaSO4

Sample 1 37.04 57.26 0.85 0.75 0.75 0.75 0.63
Sample 2 34.87 54.70 1.34 1.47 1.425 1.554 1.53
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Figure 1 - Microstructure of the Tasty tuz field obtained by 40 times increase of table salt (sample 1) 

 

 
 

Figure 2 - Microstructure of the Tastytuz field obtained by 40 times increase of table salt (sample 2) 
 
Once the salt content was fully determined, a saturated solution was prepared and separated from 

the mechanical impurities by filtration. The resulting brine was chemically analyzed. Its results are given 
in Table 2. 
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Barium carbonate was used to obtain a highly purified brine from mechanical impurities. 
The results of the study can be seen in Tables 3-4 and Figure 3-4 below. 
 

Figure 1 - Microstructure of the Tasty tuz field obtained by 40 times increase of table salt (sample 1)
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Figure 2 - Microstructure of the Tastytuz field obtained by 40 times increase of table salt (sample 2)

Once the salt content was fully determined, a saturated solution was prepared 
and separated from the mechanical impurities by filtration. The resulting brine was 
chemically analyzed. Its results are given in Table 2.

Table 2. Chemical composition of salt after purification from mechanical impurities,%
№ Chemical composition, %

CaO MgO SO4
2 - Cl Na

Sample 1 0,9 0,54 1,38 54,92 36,90
Sample 2 1,64 0,8 2,85 53,24 36,57

Barium carbonate was used to obtain a highly purified brine from mechanical 
impurities.

The results of the study can be seen in Tables 3-4 and Figure 3-4 below.

Table 3 - The effect of temperature on the degree of purification of salt
№ Temperature,

0С
The composition of salt 

before cleaning, % (120 g)
The composition of salt 
after cleaning, % (108 g)

Degree of purification

CaO MgO  SO4
-2 CaO MgO  SO4

-2 CaO MgO  SO4
-2

1. 70 0.9 0.54 1.38 0.194 0.105 0.22 80.6 82.5 85.6
2. 80 0.9 0.54 1.38 0.137 0.07 0.15 86.3 88.3 89.7
3. 90 0.9 0.54 1.38 0.005 0.0018 0.006 99.5 99.7 99.6
4. 100 0.9 0.54 1.38 - - - 99.9 99.9 99.9
5. 110 0.9 0.54 1.38 - - - 99.9 99.9 99.9

Figure 3. Temperature dependence of the degree of purification of salt
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Table 4-Changes in salt composition depending on time
№ Time, 

min
τ

The composition of salt 
before cleaning

The composition of salt 
after cleaning

Degree of purification

CaO MgO  SO4
-2 CaO MgO  SO4

-2 CaO MgO  SO4
-2

1. 15 0.9 0.54 1.38 0.008 0.0042 0.0012 99.2 99.3 99.2
2. 20 0.9 0.54 1.38 0.007 0.003 0.007 99.3 99.5 99.5
3. 25 0.9 0.54 1.38 - - - 99.8 99.8 99.7
4. 30 0.9 0.54 1.38 - - - 99.9 99.9 99.9
5. 40 0.9 0.54 1.38 - - - 99.9 99.9 99.9

Figure 4. Changes in the degree of purification of table salt depending on the time

The results of chemical and microscopic analysis of purified sodium chloride are 
shown in tables 5-6 and figures 5-6.

Table 5 - Composition of refined table salt of the Tastytuz field (sample 1)
№ Element Mass % Atom,%
1 Na 36.87 47.39
2 Cl 63.13 52.61

Table 6 - Composition of refined table salt of the Tastytuz field (sample 2)
№ Element Mass % Atom, %
1 Na 37.42 47.98

2 Cl 62.58 52.02

 

 
 
 
 
 
 
 
 
 
 

 

 
 

 
Figure 5 - Results of microscopic analysis of refined table salt of the Tastytuz deposit (sample 1) 

 
 

 
 
 
 
 
 
 
 
 

 

Figure 6 - Results of microscopic analysis of refined table salt of the Tastytuz deposit (sample 2) 
 
Discussion. The barium-carbonate method was selected to purify the saturated solution (brine). It 

is more expensive than lime, lime - soda, lime - sulfate methods and its solubility is low (Myerson, et all, 
2019). But sodium chloride is not only used in food. It is widely used in medicine, in the production of 
other sodium salts. Therefore, its purity must be very high (Farah Mohammadesmaeili et all, 2010). 
Therefore, barium carbonate was used to obtain high purity salt. The solubility of barium carbonate is very 
low, but when placed in a brine boiling at 90 - 1000C, it is possible to observe the release of CO2 gas. 
Therefore, after the release of CO2 gas from barium carbonate, Ca and Mg ions in the salt precipitate in the 
form of calcium and magnesium carbonates, and SO4

2 - precipitates in the form of barium sulfate, reacting 
with the released barium ion (Philipp Nguyen et all, 2016; H. Dahmardeh et all, 2019). 

The studies were conducted depending on the temperature of 70-1100C and time of 15-40 [9,16]. 
As the temperature rises, the degree of purification of the brine increases, ie at 70°C the degree of 

purification from Ca +2 ions is 80.6%, at 100°C it reaches 99.9%. It can also be seen that the degree of 
purification from Mg +2 ions is 82.5% at 70°C, equal to 99.9% at 100°C, respectively, the sulfate ion 
increased from 85.6% to 99.9%. Further increase in temperature does not affect the degree of purification. 

The change in time also affects the degree of purification. In 15 minutes the degree of purification 
from Ca + 2 ions was 99.2%, in 30 minutes it increased to 99.9%. The degree of purification from Mg + 2 
and SO4

2 - ions, respectively, ranges from 99.2 to 99.3% to 99.89 to 99.9%. Further increase in time does 
not affect the purification of the brine. Therefore, the optimal setting for cleaning the brine is 90 - 1000C, 
25 - 30 minutes. Several experiments were performed on the selected parameter and the composition of the 
finished product was analyzed. According to the results of the study, the salt contains only Na + and Cl - 
ions. In conclusion, the optimal parameters for cleaning the brine with BaCO3 are 90 - 1000C, 25 - 30 min. 
The degree of purification is 99.9%. 

Conclusion. Chemical analysis of the chemical composition of sodium salt extracted from the rock 
salt field was carried out. For cleaning the saturated solution (brine), a barium – carbonate method was 
selected. Although cleaning with barium carbonate is more expensive than other methods, the purity allows 
you to get a very high salt. As a result of the experiment, it was found that the optimal parameters for 
cleaning brine with BaCO3 are 90 – 1000C, 25 – 30 min. In the selected parameters, the degree of 
purification was obtained – 99.9% sodium chloride. 
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Figure 6 - Results of microscopic analysis of refined table salt of the Tastytuz deposit (sample 2) 
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Figure 6 - Results of microscopic analysis of refined table salt of the Tastytuz deposit (sample 2)

Discussion. The barium-carbonate method was selected to purify the saturated 
solution (brine). It is more expensive than lime, lime - soda, lime - sulfate methods and 
its solubility is low (Myerson, et all, 2019). But sodium chloride is not only used in 
food. It is widely used in medicine, in the production of other sodium salts. Therefore, 
its purity must be very high (Farah Mohammadesmaeili et all, 2010). Therefore, barium 
carbonate was used to obtain high purity salt. The solubility of barium carbonate is very 
low, but when placed in a brine boiling at 90 - 1000C, it is possible to observe the release 
of CO2 gas. Therefore, after the release of CO2 gas from barium carbonate, Ca and Mg 
ions in the salt precipitate in the form of calcium and magnesium carbonates, and SO4

2 - 

precipitates in the form of barium sulfate, reacting with the released barium ion (Philipp 
Nguyen et all, 2016; H. Dahmardeh et all, 2019).

The studies were conducted depending on the temperature of 70-1100C and time of 
15-40 [9,16].

As the temperature rises, the degree of purification of the brine increases, ie at 70°C 
the degree of purification from Ca +2 ions is 80.6%, at 100°C it reaches 99.9%. It can 
also be seen that the degree of purification from Mg +2 ions is 82.5% at 70°C, equal to 
99.9% at 100°C, respectively, the sulfate ion increased from 85.6% to 99.9%. Further 
increase in temperature does not affect the degree of purification.

The change in time also affects the degree of purification. In 15 minutes the degree of 
purification from Ca + 2 ions was 99.2%, in 30 minutes it increased to 99.9%. The degree 
of purification from Mg + 2 and SO4

2 - ions, respectively, ranges from 99.2 to 99.3% to 
99.89 to 99.9%. Further increase in time does not affect the purification of the brine. 
Therefore, the optimal setting for cleaning the brine is 90 - 1000C, 25 - 30 minutes. 
Several experiments were performed on the selected parameter and the composition of 
the finished product was analyzed. According to the results of the study, the salt contains 
only Na + and Cl - ions. In conclusion, the optimal parameters for cleaning the brine with 
BaCO3 are 90 - 1000C, 25 - 30 min. The degree of purification is 99.9%.

Conclusion. Chemical analysis of the chemical composition of sodium salt extracted 
from the rock salt field was carried out. For cleaning the saturated solution (brine), a 
barium – carbonate method was selected. Although cleaning with barium carbonate is 
more expensive than other methods, the purity allows you to get a very high salt. As 
a result of the experiment, it was found that the optimal parameters for cleaning brine 
with BaCO3 are 90 – 1000C, 25 – 30 min. In the selected parameters, the degree of 
purification was obtained – 99.9% sodium chloride.
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