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TYHUIH

byr wmakama MeMmieKeTiMi3miH ayMaFbl apKbUIBI OTETIH KONIK MJQJNI3JAEPiH JaMBITYIbIH
MaHBI3IBUIBIFBI MEH CTPATETHUIBIK MaHBI3IBUIBIFBIH €CKepe OThIphIN, Kazakcran PecnyOnnkachiHBIH
KON OOWBIHJAFBl CEPBUC CAJACHIHAAFBI ©3EKTI MOCENeNep/i 3epTTeyre apHainFaH. Makanaaa Kol
OOWBIHIAFPI CEPBHUCTIH TOJBIKKAHABI JaMyblHA KeJepri KedTipeTiH Herisri mpobiemManap
KapacThIpbUIafpl. MyHzal MpoOieManapAblH KaTapblHAa Ka3ipri 3amMaHayd OOBEKTLICP MEH KOJ
OOWBIHIAFBl  CEPBUC  HMH(PPAKYPBUILIMBIHBIH  JKETICHCYIIUIIri, KOJAAHBICTaFrbl  OOBEKTUICPIIH
TEXHHUKAIBIK >KapaKTaHABIPBUTYBIHBIH KETKLUTIKCI3/iri, COHMai-aK opTYpJi MEMIICKETTIK KOHE KEeKe
KYPBUIBIMJIAD apachIHIAFbl iC-KUMBUIIAPIBIH COMKEC KelMeyi jkataabl. bynaHn 0acka, KepceTuIeTiH
KBI3METTEP/IiH Carachl KarblHaH IpolieManap aran oTije/i, OyIapasiH 09pi KOiK KeTiCiHIH KYMBIC
ICTeYiHIH KaJTBl THIMAUTITIHE Kepl 9cepiH THUTI3ei.

JKom  OoiipiHmarel  cepBHC  KBI3METTEpPAIH  KAyiNCI3AiriHIH, JKAWNBUIBIFBIHBIH  JKOHE
KOJDKETIMJIUTITIHIH KaKETTI JeHreliH KaMTaMachl3 €Ty 3aMaHayd TEXHOJIOTHSIIAPAbl SHII3Yl JKoOHE
KBI3MET KOPCETY CamachlH apTTBIPYIbI TaNamn etei. byn Mocenenepai Tanaay onapiasl THIMII HICNy
YIIiH KemeH i XKoHe XYHell Tocil KaKeT eKkeHiH kepceTeni. JKeke MHBECTHIMSIIAD /1a, MEMIIEKETTIH
OeJIceH 11 XKoHEe MaKCaTThl KAThICYBI J]a MAaHbI3/IbI POJI aTKapabl.

Makanasa oy OOHBIHAAFbI CepBUC MHPPAKYPBUIBIMBIH JKAHFBIPTY JKOHE YKAKCApTy >KOHIHJIETI
Oarmapiamanapiabl  93ipieyre JKOHE ICKe achlpyFa MEMIICKETTIH KAThICY JOPEKECIH apTThIpy
KOKETTIriHEe epeKie Hazap ayjaapbuiafbl. OChl CEKTOpFra jKeKe WHBECTHLMSIIAPABI bIHTAJIaHBIPATHIH
JKOHE JKOFaphl cama CTaHAApPTTApblH KaMTamachl3 €TETiH THIMJI HOPMATUBTIK 0Oa3zaHbl Kypy MeEH
€HTI3Y/1iH MaHbI3IbUIBIFbI TATKBUIAHA B
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MINERAL RAW MATERIALS AS SORBENTS IN GROUNDWATER PURIFICATION
PROCESSES

ANNOTATION

Reducing the amount of fresh water necessitates the effective use of groundwater along with
surface water. The use of mineral sorbents in the process of groundwater purification is
environmentally and economically acceptable. For this reason, it is recommended to use mineral raw
materials such as clays, activated carbon as a sorbent. Mineral sorbents are an effective means of
removing various pollutants from water, including heavy metals, organic compounds and radioactive
substances. This study examined the use of diatomite and montmorillonite as sorbents. They worked to
improve the organoleptic characteristics of the groundwater of the Akkurai deposit, reducing the
hardness and chloride content in the water. The physicochemical properties were determined using the
methods of argentometry and iodometry. Comparative work was carried out with the results obtained
by filtration on various sorbents. The results show that the thermomodified sorbent has a good
adsorption capacity. These results show that mineral sorbents are an effective solution for groundwater
purification and that the use of mineral sorbents in various compositions to increase the efficiency of
groundwater purification in the future is one of the promising methods.

Key words: groundwater, sorbent, diatomite, gaize, organoleptic parameters

Introduction.  With the continuous industrialization process, water pollution has become a
major environmental issue around the  world, causing severe environmental  crises. This  issue
is challenging to solve, as water contamination not only harms the environment but also poses
asignificantthreat to human health and ecosystems. The demand for fresh water continues
to increase with the growing human population and rising living standards. Unfortunately, water
contaminants are  reducing the supply  of freshwater from both  surface and  groundwater
sources. Due to their limited availability, natural freshwater reserves are unable to meet the
rising demand. The World Meteorological Organization has predicted that by 2050, over 5 billion
people will lack access to adequate water [1-2].

Currently, Kazakhstan is grappling with a serious environmental challenge due to water
pollution. This pollution is mainly caused by mineral resource extraction, transportation, industrial
operations, and agricultural activities. While providing a sufficient water supply is technically feasible,
it is essential that this water meets specific quality standards for drinking. Ensuring safe drinking water
for the population is therefore a top priority. To tackle this issue effectively, a comprehensive strategy
is needed that maximizes the use of groundwater resources, as surface waters alone cannot meet the
freshwater demand. Groundwater is crucial in this context, and its use must be managed carefully.

Water purification can be accomplished through various methods, including mechanical,
physicochemical, chemical, and biological processes. Physicochemical methods involve techniques
such as extraction, ultrafiltration, coagulation, ion exchange, reverse osmosis, electrolysis, oxidation,
and sorption [3-4].

The most effective method of water purification is the sorption purification method. This is due
to the fact that water purification by sorption methods is a technologically advanced, high-
performance, widely used and promising method for development. These methods make it possible to
purify both industrial wastewater and natural water.

With the help of sorption, soluble organic compounds, cations and anions of inorganic
compounds, as well as radioactive substances can be qualitatively extracted from water.

Modern highly active sorbents work effectively at any, even minimal, concentration of
undesirable impurities, as a result of which no residual concentrate remains in the water [5].

The sorption method has a number of advantages, such as the possibility of cleaning water
bodies to the required concentration of pollution (MPC) and desorption by reusing sorption material in
industrial technologies [6].
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The efficiency of purification by sorption methods can reach 80-90% and depends on the
chemical nature of the sorbents, the size of the adsorption surface, its accessibility, as well as on the
chemical structure of the adsorbate and the form of its presence in solution. There are many types of
sorbents, which are divided into four groups: the first group — elements based on primary or processed
organic products consisting of peat, moss, buckwheat and rice cleaning waste; the second group-
sorbents based on polymeric materials-polypropylene, polyurethane, foam; the third group-mineral
sorbents; The fourth group is nanosorbents based on graphite or other carbonaceous materials.

One of the important conditions for the use of sorbent in the process of water purification is its
availability, low cost and the possibility of regeneration. These requirements are met by various
natural minerals capable of adsorbing charged particles on their surface to varying degrees [7-8].

Diatomite is a sedimentary rock formed by silica fragments of the shells of microscopic diatoms
— diatoms and radillaries. The main part of the siliceous carapace (skeleton) is amorphous silica
hydrates of various degrees of water content — varieties of opal of the mSid,-H,On type, the crystal
component is represented by quartz admixtures [9].

Diatomite-based sorbents are used as filter media in water treatment. The high dispersion and
porosity of diatomite promote the adsorption of water pollutants on its surface. The main requirements
for the methods of rock processing when obtainingsorbents are manufacturability, efficiency, and
environmental friendliness. It is also necessary to take into account the characteristics of the raw
materials. For example, the ability of diatomite to absorb water is 149.77+0.34 wt. %, and therefore it
is impossible to grind it without first drying it [10].

Diatomite is a mineral of silicon dioxide consist-ing of fossilized skeleton remnants of
microscopic single-celled aquatic plants (algae) called diatoms. Diatomite from Aktobe field of
Kazakhstan can be used to remediate many environmental problems. It has a unique combination of
physical and chemical properties (good absorption ability, chemical inertness and a large surface area)
that makes it applicable as a sorbent for purification of water from heavy metals and ion exchange.
Modern methods make it possible to purify water from heavy metals, in principle, to any depth, for
example, using activated carbons. Nevertheless, the implementation of existing technological
procedures is limited by the its high cost associated mainly with activation or combination with other
active phases in the diatomite-based sorbent production, recovery of used sorbent, and regeneration.
To overcome these drawbacks, it was planned to exploit ready-for-use sorbents (native solid sorbents)
the performance of which could be further implemented after minimal activation treatments.
Different natural solid sorbents modification protocols are conventionally used by researchers to
enhance specific diatomite properties, such as high efficiency, considerable adsorption capacity
operated selectivity. Among them are: thermal activation; mechanical activation; chemical activation
[11].

Diatomites also purify water very well from heavy metals. Shen et al. [12] indicated that
modified diatomite (using NaOH and MnCI2 ) was an effective cadmium wastewater adsorbent and
suitable for recycling. Those results showed the removal rate of Cd(ll) on modified diatomite was
98.69%, while unmodified diatomite was 58.30%. Memedi et al. [13] removed 100% of chromium
ions from water using clay diatomite. Sharipova et al. [14] tried to remove triclosan from model
solutions, and Hadri et al. [15] examined the adsorption of methylene blue on diatomaceous earth.
Gokirmak Sogut and Caliskan [16] removed lead, copper, and cadmium ions from an agueous solution
using crude and thermally modified diatomite.

Inorganic adsorbents have an advantage over organic ion-exchange resins, for example,
resistance to acids or ionizing radiation. Minerals with the structure of montmorillonite (MT) are
widely used in various industries — as sorbents for water and gas purification, desiccants, as binders in
cracking catalysts, and catalyst carriers, as well as medical sorbents. MT is a clay mineral from the
smectite group of a subclass of layered silicates with variable chemical composition [17].

The use of natural clay minerals in sorption processes is promising and relevant due to their low
cost and inexhaustible reserves. In this regard, the development of methods for the preparation of new
effective sorbents based on natural montmorillonites is of great practical importance for the
purification of wastewater and liquid waste from heavy metal ions and various toxic substances [18].

Montmorillonite is a mineral with a layered structure and an expanding structural cell. It is the
most widely distributed amphoteric ion exchanger in nature. Its cation exchange ability is due to the
permanent negative charge of the aluminosilicate layers caused by isomorphic substitutions in
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the oxygen grid of the mineral. Exchange interlayer cations, which help restore the electroneutrality of
the structure, are weakly held by the surface and can be replaced by other cations. On the other hand,
so-called "terminal™ aluminol and silanol groups are located on the sides of the aluminosilicate
layers and are capable of carrying both negative and positive charges, depending on the pH of
the surrounding medium. Despite the fact that the surface area of these groups does not exceed 7-9%
of the total particle surface, they can act as potential centers for anion adsorption [19].

Montmorillonite belongs to the class of layered aluminosilicates of the dioctahedral smectite
group and is a 2:1 layer consisting of Si-O tetrahedral grids joined in the middle with an Al-OH
octahedral grid. Due to the isomorphic substitutions of 41** to Mg** and Fe** in octahedral grids
(mainly) and a small proportion of isomorphic substitutions of Si ** to A1*% in tetrahedral grids, the
montmorillonite layer has a negative charge of the order of 0.3-0.6 f.u., which is neutralized by the
exchange of interlayer hydrated cations Na*, Ca**, M g** and others . Such a structure leads to the
lability of the montmorillonite structure, makes the external and internal surfaces in crystallites
available for adsorption and provides high swelling and high sorption capacity with respect to heavy
metals, radionuclides and other anthropogenic components dangerous to human health [20].

Materials and methods. Methods for determining stiffness

The determination of the total hardness of water is hampered by: copper, zinc, manganese and a
high content of carbon dioxide and bicarbonate salts. The influence of interfering substances is
eliminated during the analysis. The titration error of 100 cm® of the sample is 0.05 mol/m? .

100 cm® of filtered test water or a smaller volume diluted to 100 cm® with distilled water is
added to a conical flask. In this case, the total amount of the substance equivalent to calcium and
magnesium ions in the volume taken should not exceed 0.5 mol. Then add 5 cm?® of the buffer
solution, 5-7 drops of the indicator or approximately 0.1 g of a dry mixture of the chromogen black
indicator with dry sodium and immediately titrate with a strong stirring of 0.05 n. with a solution of
trilon B until the color changes at an equivalent point (the color should be blue with a greenish tinge).

If more than 10 cm? 0.05 n of trilon B solution was used for titration, then this indicates that in
the measured volume of water the total amount of the substance equivalent to calcium and magnesium
ions is more than 0.5 mol. In such cases, the definition should be repeated by taking a smaller volume
of water and diluting it to 100 cm® with distilled water.

An indistinct color change at the equivalent point indicates the presence of copper and zinc. To
eliminate the influence of interfering substances, 1-2 em? of sodium sulfide solution is added to the
water sample measured for titration, after which the test is carried out as indicated above.

If, after adding a buffer solution and an indicator to the measured volume of water, the titrated
solution gradually discolors, acquiring a gray color, which indicates the presence of manganese, then
in this case, five drops of 1% hydroxylamine hydrochloride solution should be added to the sample of
water selected for titration before applying reagents and then determine the hardness as indicated
above.

If titration becomes extremely protracted with unstable and indistinct coloration at an equivalent
point, which is observed with high alkalinity of water, its effect is eliminated by adding to the sample
of water selected for titration, before adding reagents of 0.1 n. hydrochloric acid solution in the
amount necessary to neutralize the alkalinity of water, followed by boiling or blowing the solution
with air for 5 min. After that, a buffer solution is added, an indicator and then the stiffness is
determined, as indicated above.

Determination of chloride (CI') content in drinking water (argentometry)

Argentometry is a volumetric analytical method based on the reactions of deposition of halogen
ions by silver cations to form poorly soluble halides:

Cl+ Ag" = AgCl| Q)

The most common argentometric determination of chlorine is by the Mohr method. Its essence
consists in direct titration of the liquid with a solution of silver nitrate with an indicator of potassium
chromate before browning the precipitate.

The indicator of the Mohr method - K>CrO4 solution gives a red precipitate of silver chromate
Ag.CrO,4 with silver nitrate, but the solubility of the precipitate (6.2::10-3 mol/l) is much greater than
the solubility of silver chloride (1.33::10-5 mol/l). Therefore, when titrated with a silver nitrate
solution in the presence of potassium chromate, a red precipitate of silver chromate appears only after
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the addition of an excess of Ag* ions, when all chloride ions have already been precipitated. At the
same time, a silver nitrate solution is always added to the analyzed liquid, and not vice versa.
Determination of adsorption activity by iodine.
Due to its simplicity and accuracy, the iodometry method is considered one of the best methods
of quantitative analysis. This method is based on redox reactions of conversion of free iodide into
iodide ions or vice versa.

I, + Kl = K[|3] (2)

The standard redox potential of the system is relatively low. Therefore, many iodometric
reactions are reversible and do not proceed to completion. Only when specific conditions are met,
they proceed almost to completion. Crystalline iodine is only slightly soluble in water, so a solution of
iodine in potassium iodide is used as a reference solution. In this solution, a less stable, more soluble
complex compound of iodine forms.

Both oxidants and reducing agents can be determined using iodometry.

The main  working  solutions used in iodometric  titrations are:  iodine  solution
for directly titrating strong reducing agents, and solutions of potassium iodide and sodium
thiosulfate, which are used for determining oxidants through substitution titration, and reducing
agents through reverse titration.

About 1 g of the sorbent is weighed (the weighing result is recorded to the fourth decimal
place), placed in a conical flask with a capacity of 250 cm?®, 100 em® of iodine solution in potassium
iodide is added, closed with a stopper and manually shaken every minute for 30 minutes. Then the
solution is allowed to settle and from the flask with a pipette, carefully so that coal particles do not get
in, 10 cm?® of the solution is taken, placed in a conical flask and titrated with 0.1 n sodium thiosulfate
solution. At the end of titration, 3 ... 5 drops of starch solution are added and titrated until the blue
color disappears. At the same time, the initial iodine content in the solution is determined, for this 10
em? of iodine 5 solution in potassium iodide is placed in a conical flask and titrated with 0.1 n sodium
thiosulfate solution, adding a starch solution at the end of titration.

The arithmetic mean of the results of two parallel definitions is taken as the result of the
analysis, the absolute discrepancy between which does not exceed the permissible discrepancy of 3%.

Results and discussion. When analyzing the test water, the following indicators were
determined in the test samples as the total hardness and quantitative chloride content of the water
before and after purification with a natural mineral sorbent: diatomite, raw flask and thermally
modified at 800°C.

To study water after purification with a mineral sorbent, 10 grams, 20 grams and 30 grams per
100 milliliters of water are taken in the following proportions, respectively.

All prototypes are well mixed and maintained for a day. The filtered water sample is further
examined using the titrimetric analysis method.

Table 1 — Description of the properties and chemical elements of the investigated groundwater
"Akkurai"

Ne Physmp—chemlcal standard result description
properties of water
1 2 3 4 5
1 | Water temperature 7-11 °C. 11°C corresponds
it should not be higher than 20 30 degrees.
2 Color of water degrees. (in special cases, no higher | The water has corresponds
than 35 degrees.) a greenish tint
3 Turbidity Not higher than 1.5 mg/I. 1,5 mg/l. corresponds
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1 2 3 4 5
It can be salty, bitter, sweet and ngussagéybtastt;els
4 Taste sour. Natural waters, as a rule, have Salty taste sodium ch)I/ori de
only a salty and bitter aftertaste.
content
According to the norms of Sanitary r?o?i?:len;l;a
rules and regulations 2.1.4.559-96, Increased by
5 Smells smell or taste, .
the smell of water should be no . 1 unit
more than 2 points easily
detectable
According to the norms of Sanitary .
Active water rules and regulations 2.1.4.559-96, _ the reaction of the
6 . A pH=16,8 water is neutral, it
reaction the pH of drinking water should be q
within 6.0.9.0 corresponas.
According to the norms of Sanitary corresponds
rules and regulations2.1.4.1074-01, ediur 'f]ar iass
7 Water hardness the hardness of drinking water 5.5 mg-eq/l water (from 4 to
should be no higher than 7 (10) mg- 8 mg-eq/l)
eg/l, (or no more than 350 mg/l). g-€d
The maximum permissible
8 Chlorides concentration of chlorides in 443 mg/l Increased by 100

drinking water is 300...350 mg/I

units

As described in Table 1, the water was tested for some organoleptic and physicochemical
properties before water purification. From the indicators it became known that the water complies with
many standards, but there is also an excess above the norm in such parameters as the content of
dissolved chloride ions in the water and the overall hardness is average. In view of this, while
continuing the work, special emphasis was placed on reducing these numerical values in water.

Table 2 — Water purification using raw gaize

Physico- Result
No prgf;)irrr;:gglof Standard before water After water purification Description
water purification 10:100 | 20:100 | 30:100
1 2 3 4 5 6 7 8
It was
purified in
Water o o o o o the
1 temperature 7-11°C. 11°C 15°C 15°C 15°C laboratory at
room
temperature
Color of it should not 30 degrees. 30 25 20
2 be higher than | The water has degrees | degrees | degrees It's fine
water N
20 degrees. a greenish tint
- Not higher 1,5 1,5 -
3 Turbidity than 1.5 mg/l. 1,5 mgl/l. 1,5 mg/l. mg/l. mgll. It's fine
It can be
. The salty
4 Taste salty, bitter, salty taste - - - taste did not
sweet and
sour settle
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3

Active water
reaction

According to
the norms, the
pH of
drinking
water should
be within
6.0...9.0

pH=16,8

It's fine

Water
hardness

the hardness
of drinking
water should
be no higher
than 7 (10)
mg-eq/I

5,5 mg-eq/Il

55

4,5 mg-
eq/l

4,5 mg-
eq/l

It's fine

Chlorides

The
maximum
permissible
concentration
of chlorides is
300...350
mg/I

443 mg/l

296
mg/I

301
mg/I

337
mg/I

It's fine

Water purification using raw gaize (Table.2) showed results in samples of 20 grams of sorbent
per 100 ml of test water, where there is a slight decrease in both water hardness from 5.5 mg-eg/I to
4.5 mg-eq/l, and chlorides in the sample from 443 mg/l to 301 mg/l, which corresponds to the norms
in the Sanitary rules and regulations.

Table 3 — Results of the analysis of the physico-chemical characteristics of the tested water sample
using a therrmally modified gaize at 800°C

Physico- Result
Ne chem!cal Standard After water purification Description
properties of before water
water purification | 19:100 | 20:100 | 30:100
1 2 3 4 5 6 7 8
It was
purified in
p | Water 7-11°C. 11°C 15°C | 15°C | 15°C the
temperature laboratory at
room
temperature
itshould not | 30 degrees. 20 15 10
Color of . The water e
2 be higher than degrees | degrees | degrees It's fine
water has a
20 degrees. o
greenish tint
. Not higher 15 15 e
3 Turbidity than 1.5 mg/l. 1,5 mg/l. 1,5 mg/l. mg/l. mgll. It's fine
The salty
It can be salty, taste did not
4 Taste bitter, sweet Salty taste - - - settle
and sour.
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1 2 3 4 5 6 7 8
3 points -
noticeable

smell or
taste, easily
detectable

According to
the norms, no
more than 2
points

2 2

points | points Its fine

5 Smells 2 points

According to
the norms, the
pH of drinking
water should
be within
6.0...9.0
the hardness of
drinking water
should be no
higher than 7
(10) mg-eq/I
The maximum
permissible
concentration
of chlorides is
300...350 mg/I

Active water

reaction Its fine

pH =68 7 7 7

Water
hardness

4,0 mg-
eq/l

3,5 mg-

eql It's fine

5,5 mg-eq/I 4.25

443 mg/l 355

mg/l

319
mg/l

301

mg/l It's fine

8 Chlorides

The obtained results of the analysis of the physico-chemical characteristics of the tested water
sample (Table.3) using thermally modified gaize at 800 ° C, it gives good results both in reducing
water hardness and in reducing chlorides in water in ratios of 30 : 100 g/ml of gaize to water,

compared with raw gaize.

Table 4 — Examination of the test sample of water purified with diatomite (groundwater "Akkurai'")

Physico- Result
Ne prf)rg)eerr?:gglof Standard before water After water purification Description
water purification | 10:100 | 20:100 | 30:100
1 2 3 4 5 6 7 8
It was
purified in
Water o o o o o the
1 temperature -11°C. 11°C 15°C 15°C 15°C laboratory
at room
temperature
Color of it should not 30 degrees. 20 15 10
2 water be higher than | The water has | degrees | degrees | degrees It's fine
20 degrees. | a greenish tint
- Not higher 15 g
3 Turbidity than 1.5 mg/l. 1,5 mg/l. 1,5 mg/l. myll. 1,5 mg/l. It's fine
It can be The salty
salty, bitter, taste did
4 Taste sweet and salty taste i i i not settle
sour.
According to 3 p_omtgl-
the norms, no noticeable . 2 . .
5 Smells : smell or taste, | 2 points . 2 points It's fine
more than i points
2 points castly
detectable
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3

Active water
reaction

According to
the norms, the
pH of
drinking
water should
be within
6.0...9.0

pH=16,8

It's fine

Water
hardness

the hardness
of drinking
water should
be no higher
than 7 (10)
mg-eq/I

5,5 mg-eq/I

11

10

Increased
by 3-6
units (water
is hard)

Chlorides

The
maximum
permissible
concentration
of chlorides is
300...350
mg/l

443 mg/l

425
mg/I

419
mg/I

458
mg/I

Slight
increase

Experimental data obtained by purifying water through diatomite in the ratios indicated in Table
5 showed that this mineral increases the hardness of water to 5-7 units of soft water, but does not
affect chloride ions in water.

Water hardness "Akkurai" (10/100)

10 e :
g 5

Log]
L9 gl
L¥g]
L9g]
L9g]
w

raw gaize  therrmally modified gaize diatomite

B before m 1 filtration

Figure 1 — Comparative diagram of mineral sorbents for water hardness in proportions 10/100

Figure 1 clearly shows that thermal gaize has a better effect on water hardness than other
sorbents. Thermal gaize lowered the quality hardness index from 5.5 mg-eq/I to 4.25 mg-eq/I.
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Water hardness "Akkurai" (20/100)

10

raw gaize  therrmally modified gaize ~ diatomite

W before m 2 filtration

Figure 2 — Comparative diagram of mineral sorbents for water hardness in proportions 20/100

In a ratio of 20/100 samples, the water hardness was well reduced by thermal gaize (Figure 2).
Reduced the quality hardness index from 5.5 mg-eq/l to 4.0 mg-eq/I.

Water hardness "Akkurai" (30/100)

Q
&

55 55 55

raw gaize  therrmally modified gaize diatomite

W before m 3 filtration

Figure 3 — Comparative diagram of mineral sorbents for water hardness in proportions 30/100

In Figure 3, in a ratio of 30/100 samples, thermal gaize well reduced water hardness compared
to other sorbents. Reduced the quality indicator of hardness from 5.5 mg-eq/I to 3.5 mg-eq/I.

Table 5 — Results of determination of the adsorption activity of mineral sorbents by the iodometric
titration method

Ne Mineral sorbents Indicatqrs of consumed A, %
titrant, ml

3 Thermal gaize 10,2 0,07

6 Diatomite 9,3 0,18

8 Gaize 10 0,1

According to Table 6, the results of determining the adsorption activity of mineral sorbents by
the iodometric titration method showed the following activity to reduce activity: diatomite > ordinary
gaize > thermally modified gaize.

249



TexHHuKa/IbIK FblIbIMAAP

Conclusions._As described in Table 1, the water before water purification was examined for
some organoleptic and physico-chemical properties, such as temperature, color, turbidity, taste, odor,
pH of the medium, total hardness and chlorides. It became known from the indicators that the water
meets many standards, but there is also an excess above the norm in such parameters as the content of
dissolved chloride ions in water and the total hardness has an average value. In view of this,
continuing the work, special emphasis was placed on lowering these numerical values in water:

Water purification using raw gaize (Table.2) showed results in samples of 20 grams of sorbent
per 100 ml of test water, where there is a slight decrease in both water hardness from 5.5 mg-eq/l to
4.5 mg-eq/l, and chlorides in the sample from 443 mg/l to 301 mg/l, which corresponds to the norms
in the Sanitary rules and regulations.

The obtained results of the analysis of the physico-chemical characteristics of the tested water
sample (Table.3) using thermally modified gaize at 800 ° C, it gives good results both in reducing
water hardness and in reducing chlorides in water in ratios of 30 : 100 g/ml of flask to water,
compared with raw flask.

In view of this, it is necessary to consider different compositions of these natural mineral
sorbents in the purification of various types of water to improve their physico-chemical, organoeptical
and technological qualities.
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TYWIH

Tympel cy MeNIIEpiHiH a3alobl Kep YCTi CyJIapbIMEH KaTap JKep acTbl CyapblH THIMII
naiganaHyablH KaKETTIITiH Tyablpansl. JKep acTel CyjlapblH Ta3zapTy IPOLECIHAE MHUHEPaIbl
COpPOCHTTEPII KOJIJIaHY SKOJIOTHUSIIBIK KOHE SKOHOMHKAJIBIK JKaFblHAH Kosaiibl. Coi cebenTi copOeHT
peTiHzae cazmap, OCICeHIIPUINeH KOMIpJep CHSIKThl MHUHEPAJ bl MIUKI3aTTapIbl KOJIJAaHy YChIHBUIAIBL.
Munepanabl copOeHTTEp CyIaH SPTYpJIL JIacTaylibl 3aTTapAbl, COHBIH IMIIHAE ayblp MeTalgapibl,
OpPTaHMKAIBIK KOCBUIBICTAPIBl JKOHE PAJAMOAKTHUBTI 3aTTapAbl KETIPYOiH THIMAI Kypajabl OOJbII
tabbutaapl. by 3epTreyne copOeHTTep peTiHAe AUATOMUT MEeH MOHTMOPHJUIOHHUTTIH KOJIAHBUTYBI
KapacTelppuiabl. Onap AKKypalh KEH OpHBIHIArbl JKEp acTbl CYBBIHBIH OPTaHOJICTITUKAIIBIK
KOPCETKIIITEePiH JKaKCapTHIN, KEPMEKTIIIriH XoHE CYIbIH KYPaMBIHIAFbl XJIOPUATEPAl MOIIepiH
azalTyFa >KYMBIC Kacajbl. ApreHTOMETPHs )KOHE HOJOMETpUs dMIICTEPiH KOoJJlaHa OT BbIPbIN (pr3nKa-
XUMHSUIBIK ~ KaCHETTepl aHBIKTAIbl. OPTYpii copOeHTTepae (GUIbTPIICY apKbUIbI  alIbIHFaH
HOTWDKEJIEpre CaJbICTBIPY JKYMBICTAphl KYpriingi. HoTmwkenep TepMUSIIBIK MOAN(HUIUPICHTeH
COpOeHTTIH afcopOIus KabineTi »aKChl eKeHIH KepceTeli. by HoTmxkenep MHHEpalbsl COPOCHTTED
JKep acThl CYbIH Ta3apTy/blH THIMJI IIENIiMi eKeHiH >koHe OoJamakTa >Kep acThl CyJlapblH Ta3apTy
THIMJIUTITIH  apTThIpy YIIIH MUHEpaNIsl COpPOSHTTEpAl OpTYpii KOMIO3WIUsAiIapAa KOJJaHy
MIEPCIIEKTUBAJIBI 9/IiCTEPIiH Oipi eKeHiH KopceTe/Ii.

PE3IOME

YMeHblLIeHHE KOJMYECTBa MPECHOH BOABI O0YCIOBIMBAaET HEOOX0AMMOCTH 3(dekTuBHOrO
HCIIOJIb30BaHHd TPYHTOBBIX BOJ Hapday C I[MOBEPXHOCTHBIMHU. HUcnonp3oBanue MUHEPAJIBbHBIX
cOpOCHTOB B TMpOIECCE OYMCTKH TPYHTOBBIX BOJl SIBIISIETCS DKOJOTHYECKH M JKOHOMHYECKH
npuemiieMbiM. [1o 3Toit npryrHEe B KauecTBe COPOCHTa PEKOMEH/IYETCs UCIIONb30BaTh MUHEPAJIbHOE
CBIpbE, TaKoe Kak TJHUHbI, AaKTUBHUPOBAHHBIA yroib. MuHepajibHble COPOEHTBI SBIISIOTCS
3(1)(1)CKTI/IBHBIM CpEACTBOM YHAJICHUSA W3 BOJbI PpPa3jIMYHBIX 33Fpﬂ3HHTeHeﬁ, BKJIFOYasi TSKEIIbIC
METaJUIbl, OpPraHMYeCKHWE COCAWHEHHS W paJdOaKTHBHBIE BellecTBa. B 3TOM uccienoBaHUU
paccMaTpUBaJIOCh HUCIIOJIB30BAHUE AWATOMHUTa M MOHTMOPWIIJIOHHTa B KadecTBe copOeHTOB. OHHU
pabotanu Haj yIydlIeHHEM OpPraHOJENTUYeCKUX TIOKazareliell MOoJ3eMHBIX BOJ AKKypaicKoro
MECTOPOXACHUA, CHUXCHUEM KCECTKOCTU U COACPKAHUA XJIOPUAOB B BOAC. Onpe):[eneHBI (1)I/I3I/IKO'
XMUMHYECKHE CBOHCTBA C MCIIOJIb30BaHUEM METOAOB apreHTOMETPHH U HogomMeTpuu. b npoBeneHsb!
CpaBHUTEJbHBIE pabOThl ¢ pe3yibTaTaMi, MONYyYeHHBIMH (pUIbTpalMedl Ha pa3lUYHBIX COpPOCHTaX.
PesynmbTathl  MOKa3bIBAIOT, YTO TEPMOMOAMMDUIMPOBAHHBIH cOpOEeHT oOyajgaeT  Xopoliei
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aJCOpPOLIMOHHON CIMOCOOHOCTBIO. DTH pe3yJbTaThl IMOKa3bIBAIOT, YTO MHHEpANbHBIE COPOCHTHI
ABISIFOTCA  3()(EKTUBHBIM pELICHWEM Ml OYMCTKM TIPYHTOBBIX BOJ M 4YTO HCIIOJIb30BaHME
MHUHEPaJIbHBIX COPOCHTOB B Pa3IMYHBIX KOMIO3MLUSAX IUIsI HNOBBIIEHHS 3()(HEKTUBHOCTH OYMCTKU
TPYHTOBBIX BOJ B OYIyIIEM SIBISICTCS OJHUM U3 IIEPCIIEKTUBHBIX METOJIOB.

OOX: 666.328.1 DOI 10.52578/2305-9397-2024-3-2-252-259
FTAXP: 67.09.33

BaiimumeB X. B., 6.r.1., mpodeccop, PAEH ®I'BOY BO Camapckuii ['AY akagemwuri, Herisri
aBToOp, http://orcid.org/0000-0003-1944-5651

Camapckasi TocymapCTBeHHAsi CelbCKas akamemus, YueOHas kemr., 1, Kunmems k., Camapa o0,
446442, Peceit @, baimisihev_hb@mail.ru

TIanbivskanoBa JI. H., TexHuka FeUTBIMIAPBIHBIH MarucTpi, https://orcid.org/0009-0003-4123-3230
«KoHrip xan ateiHnarel bateic KazakctaH arpapiblK-TexHUKaNBIK yHUBepcuteTi» KeAK, Opan k.,
XKourip xan kerr. 51, 090009, Kazakcran Pecryomnukacer, diko_96@bk.ru

Ypasora C. C., TexHHKa FRUIBIMAAPBIHBIH MarucTpi, https://orcid.org/0009-0000-4052-9775
«KoHrip xan ateiHnarel bateic KazakctaH arpapiiblk-TexHUKaIBIK yHUBepcuteTi» KeAK, Opan k.,
XKourip xan kerr. 51, 090009, Kazakcran Pecryomnukacel, Urazova_svetlana@inbox.ru

Caxues B.JK., maructp, https://orcid.org/0009-0005-7638-9934

«KoHrip xan ateiHnarbl bateic KazakctaH arpapiiblK-TexHUKaNBIK yHUBepcuteTi» KeAK, Opan k.,
XKonrip xan kerir. 51, 090009, Kazakcran Pecnyosukacsi, bolatbek.87@mail.ru

Baimishev Kh.B., d.b.s., professor, Academician of the Russian Academy of Natural Sciences, the
main author, http://orcid.org/0000-0003-1944-5651

Camapckasi TocyIapCTBeHHas CellbCKas akaaemus, YdeOHas ymn., 1, r.Kunems, Camapckas oOur,
446442, Poccus, baimisihev_hb@mail.ru

Galymzhanova D., master of engineering and technology, https://orcid.org/0009-0003-4123-3230
NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khan», Uralsk, st.
Zhangir khan 51, 090009, Kazakhstan, diko_96@bk.ru

Urazova S., master of engineering and technology, https://orcid.org/0009-0000-4052-9775

NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khany», Uralsk, st.
Zhangir khan 51, 090009, Kazakhstan, urazova_svetlana@inbox.ru

Sakhiyev B., master, https://orcid.org/0009-0005-7638-9934

NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khany», Uralsk, st.
Zhangir khan 51, 090009, Kazakhstan, bolatbek.87 @mail.ru

KOHAEHCALUAJAHYAH "SILICA FUME" MUKPOKPEMHE3EMIHIH AJIZIBIH AJIA
KEPHEJIT'EH TEMIPBETOH KAJIAJIAPBIHBIH KACUETTEPIHE 9CEPI
INFLUENCE OF CONDENSED MICROSILICA “SILICA FUME” ON THE PROPERTIES
OF PRETRESSED CONCRETE PILES

AHHOTAUA

Makanana, «Silica fume» koHneHcalMsIIaHFaH MHUKPOKPEMHE3EMbIHBIH, aJl/IbIH-ajIa KePHEITeH
KaJlaJIbl ipreTacTap/bl OHJIEY TEeXHOJOTHACHIHAAFbl MOJU(UKAIUSIIAHFAH OCTOHHBIH KaCHUETTEpiHEe
9CepiH 3epTTey OapBICHIHIIA abIHFaH IKCIEPUMEHTTIK Aepekrep OepinreH. Kypampramga kpemaunii Oap
KOpBITHANIAPBI OHIIPY KEe3iHJle TEXHOJIOTHUSIIBIK MemTep i Tra30eH Ta3apTy MpoleciHAe albIHFaH
TEeXHOreHIIK mbIkKaH "Silica fume" MuUKpOKpeMHE3eMiH KOJJIaHy ajjblH ajla KePHEJITreH KaJaiapbl
OHJIIPY Ke3iH/e OeTOH/Ia ©3iHIH THIMJIUIITIH )KoHE eHJeIMereH TaypuTTi OeliCeHIi eMec MUHEPaIJIbI
KOClla peTiHIe KongaHy MyMKiHAiriH kepceringi. CoHbiMeH, TaypuTTi eHrily HoTHxenepi
KOPCETKEH/IeH, MmopTiaaHaieMeHT mbirbiHbl 20% - Fa a3zaitran ke3zue koHe Tayputti 5, 8 xone 10%
MeJIiepiHe OCTOHHBIH KypaMbIHa CHTI31IreH Ke3je OCTOH camachlHa acep eTeli, Oy peTTe 5 jKoHe
8% mbIFeIHMEH ociMi 2-3%-naH acmaianl, an 10% mIsIFeIHMEH ociM 7%-Fa neliiH KeTeml. S5, 8 xoHe
10% wmemmepingeri "Silica fume" MUKpOKpeMHE3eMIiHIH HOTHXKENIEPl KaJIbINThI-bUIFAJIbl KaTaHTYhI
OCTOHBIHBIH OEpIKTiriHe OH acep eremdi, eciM 5-teH 12% - ra peiiin xereni. COHbBIMEH, OCTOHHBIH
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