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ABSTRACT

The methods for obtaining sorbents today depend significantly on the activation techniques used. Activation is primarily
determined by the intended purpose of the product and its standard requirements. Most importantly, the type of sorbent
must meet specific demands, and the molecular characteristics of the sorbates are identified. Experiments are conducted,
taking into account the general size of the sorbates. This article focuses on experimental work to activate clay powders
for use in cleaning, bleaching, and clarifying products. The obtained sorbents were analyzed during practical trials, and
the results were compared to assess their effectiveness. These sorbents were employed to remove harmful substances from
cottonseed oil and drinking water. Efficient activation methods for processing clay powders and obtaining high-performance
sorbents were identified.

AHHOTALIMS

CeroaHsi CrocoObl MOJIYYCHUST COPOSHTOB 3aBHCAT OT CIIOCOOOB aKTHUBAI[MHM. AKTHBAIMs B OCHOBHOM OCHOBaHa
Ha mpeArnojaracMoM MCroJb30BaHUU IMPOAYKTA U €0 CTaHAAPTHBIX Tpe6OBaHI/I$IX. Camoe TJ1aBHOE — OIPCACIINTD, KAKUM
TpeGOBaHI/ISIM OTBEYAKOT COp6eHTLI 1 KaKHUC MOJICKYJIbI BBIIOJIHAIOT POJIb COpGaTOB. SKCHepI/IMeHTI)I MPOBOJATCA C yYETOM
06H1€1"0 pasMepa COp6eTOB. B cratbe IMMPOBEACHBI SKCICPUMCHTAJIBHBIC pa6OTLI IO aKTUBAIlUU TJIMHAHBIX MMOPOLIKOB
JJIA YUCTKH, oTOEIMBaHUs U OCBETICHUS I/I3I[GJ'II/II71. HOJ‘Iy‘IeHHHe COp6eHTLI OBLIH MMpOoaHAJIM3UPOBAHBI B IPAKTUYCCKUX
HCIIbITAHUAX. PCBy.]'ILTaTH dHaJIn3a CPABHUBAIIMCH MCKIY co0oii 1 Ha6moz{am/105 CPaBHUTCJIbHBIC ITOKA3aTCIIN. COp6eHTBI
HCITOJIB30BAJIMCH JJIA OYMCTKH XJIOIIKOBBIX MAacCCI U TEXHHUYECKOM BOJBI OT BPEIHBIX BEIICCTB. OHpe,HeHGHbI ITyTH TTIOJTY4YCHMT
BBICOKO3(D(PEKTUBHBIX COPOCHTOB M aKTUBU3AINH NIEPEPaOOTKH TITMHUCTHIX MTOPOIIKOB.

Keywords: cottonseed oil, clay powder, purification, decolorization, sorption properties, structural composition, sul-
furic acid, grinding, size, sorbent, activation, sorbate

KiroueBble cj10Ba: XJIOMKOBOE MACJIO, TJIMHUCTHIN MOPOIIOK, OYHCTKA, 00SCIIBCUHBAHKHE, COPOIIMOHHBIC CBOMCTBA,
CTPYKTYpHas CTPyKTypa, CepHasi KUCIOTa, [IOMOJI, KPYITHOCTh, COPOEHT, akTUBALKs, copOar.

Introduction the properties of its elements, and examine the impact
of factors such as modifier concentration, temperature,
pressure, and solution environment during the modifica-
tion process.

The soil of Uzbekistan is rich in minerals due to its
natural composition and structure. Among these minerals,
bentonite clay powders stand out due to their specific

properties and applications. Several scientific sources Materials and methods. To initiate this chemical
have highlighted the use of clay powders as adsorbents. process, clay samples obtained from deposits are analyzed
The characteristics of a sorbent depend on its se- and prepared for chemical activation. Initially, the clay
lectivity, efficiency, and suitability for cyclic adsorption is ground to a particle size of 0.1 mm, then sieved. A series
processes. Ideally, sorbents should meet the following of experiments were conducted to obtain high-quality
requirements: sorbents, and their sorption properties were compared
o High volumetric adsorption capacity against each other.
o Rapid adsorption kinetics The modification process of clay powders involved
o Easy regeneration two stages of activation to develop an efficient technology
e High mechanical strength for producing sorbents. The optimal method for enhancing
Operational performance requirements for sorbents sorption properties was carried out as follows:
include: Stage 1: 20 grams of selected clay powder were
o Covering a large internal pore volume weighed. Before grinding and weighing, the hardness
o A large internal surface area and density of the clay were determined to establish the
« Surface properties controlled by functional groups precise size of the particles. To activate the powdered
o Adjustable pore size distribution clay, a solution was prepared by mixing 40 ml of water
o Weak interactions between adsorbate and with 7 ml of concentrated sulfuric acid. The measured
adsorbent within micropores (primarily in physical clay powder was added to the solution and mixed until
adsorption) a complete suspension was formed. The suspension un-
e Enhanced chemical and mechanical stability, derwent modification at various sulfuric acid concentra-
utilizing inorganic or ceramic materials as cost-effective tions, temperature-to-solid ratios (T:S), and
raw materials. temperatures ranging from 80-100°C for one hour.
These requirements are primarily applied to sorbents The chemically activated suspension was dried in an
used in cyclic adsorption processes based on physical air oven at 100-110°C for 2.5-3 hours. The semi-activated
adsorption [1, p.63; 2, p.54-56]. sorbent with sorption properties was washed until the pH
Due to its high sorption properties, clay is widely reached 2 (using acid-resistant filter material with pore
used in various processes, especially in the food industry, sizes not exceeding 0.01). The process was repeated under
for purifying, bleaching, and ensuring the quality the same conditions [3, p.5; 4, p.123].
of plant-based and cottonseed oils. The chemical activa- Stage 2: A solution was prepared by mixing 90 ml
tion of clay powders is a complex process. Therefore, of water with 10 ml of concentrated sulfuric acid. The dried
before chemically modifying clay powders, it is crucial clay was added and mixed thoroughly. The mixture was
to study the chemical composition of bentonite, analyze heated in a hermetic container resistant to acid and heat
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at 200°C for two hours. The resulting sample was washed
with distilled water until the pH reached 3-3.5, filtered,
and dried. The dried clay was ground into a fine powder
and sieved.

Results and discussion. The prepared sorbent was
tested for its sorption properties by purifying drinking
water and refining edible oils in industrial applications.
The effects of raw material ratios (T:S) and temperature
on sorption properties were analyzed, and the findings
are illustrated in Figure 1.

1 -
0,5 -
0 T T T "
0 30 60 90 120
Time, min.

1: Chemically modified; 2: Thermochemically modified.

Figure 1. Kinetics of pH change during the modification process

Observing the curves in the graph (Figure 1) derived
from experimental results, itcan be concluded that
achieving sorbents with high sorption properties re-
quires conducting the modification process in a highly
acidic environment, i.e., with an initially low pH. It was
established that sorbents modified in a strong acidic me-
dium exhibited superior sorption characteristics com-
pared to those modified in a weakly acidic environment.
The results showed that a strong acidic environment
facilitates the rapid formation of larger pores on the
surface of the sorbent, thereby enhancing its sorption
properties and expanding its potential applications
[5, p.346-354; 6, p.18-20].

The next phase of the study focused on investigat-
ing the sorption Kinetics of bentonite clay powder over
time. The most effective and optimal activation method
was as follows:

Preparation: 20 grams of clay powder was weighed
and placed into a chemically resistant, heatproof con-
tainer. A solution was prepared by adding 10 ml of con-
centrated sulfuric acid to 90 ml of water using graduated
cylinders. The clay was added to the solution and mixed
until a uniform suspension was formed.

Activation: The suspension was heated to 250°C
in a sealed, heat-resistant container for one hour. The
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modified clay sample was filtered and washed with wa-
ter until the pH reached 3.2. The sample was then dried,
ground into powder, and sieved.

Analysis: The prepared sorbent’s sorption properties
were analyzed by applying it to various technological
processes. Results were compared to assess its sorption
efficiency.

This activation method’s effectiveness depends
on the type of contaminants present in the material to be
purified, as well as the molecular or ionic composition
of the impurities. The modified sorbent can be used
in applications such as purifying wastewater from oil and
fat industries or providing clean water for technological
processes. Additionally, itis effective in purifying
sunflower oil by removing unwanted substances and
reducing color intensity.

Scientific studies revealed that the efficiency of the
sorbent in removing ions from drinking water is illustrated
in Figure 2. The data indicate that sorbents activated
at 250°C for 70 minutes demonstrate superior sorption
properties.

Process for Larger Sorbate Molecules:

To prepare sorbents for larger sorbate molecules,
the following process was used:

1. Weigh 20 grams of clay powder.
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2. Prepare a solution by adding 7 ml of sulfuric acid
to 93 ml of water.

3. Mix the clay into the solution until a uniform sus-
pension is achieved.

4. Heat the mixture in a sealed, heat-resistant con-
tainer at 250°C for 3.5 hours while stirring.
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5. Filter and dry the suspension, then wash it with
distilled water until the pH reaches 3-3.4.

6. Dry the sorbent, grind it into a powder, and sieve it.

The prepared sorbent can be tested and applied for
cleaning various products, demonstrating its effectiveness
in practical applications.
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Figure 2. The efficiency of thermochemically modified bentonite sorbents
in purifying drinking water at different temperatures

Sorbents (produced by thermal, chemical, or thermo-
chemical modification methods) must have their hydrogen
index (pH) checked before use. To do this, 1 g of modified
bentonite powder is mixed with 15 ml of water, and
the pH value is determined. For each prepared sorbent,
the pH should be > 4.

The research results indicate that time and temperature
are critical parameters inthe modification process
of bentonite powders. When the bentonite is heated with
acid under high pressure for a short period, its pore size
increases, enhancing its sorption properties.

Table 1.
Effect of pressure on the activation process (Table results)
No. Temperature (°C) 1 atm 2 atm 3atm 4atm
1 150 70 75 78 80
2 200 80 85 88 88
3 250 85 96 84 10
4 300 88 95 50 3

The following table presents the results of activat-
ing 20 g of bentonite with 7 ml of acid in 100 ml of so-
lution under different pressure and temperature
conditions.

The data show that performing the modification
process under different pressure levels improves the
sorption capacity of the obtained sorbents. However, ap-
plying pressures of 3 atm or higher leads to a decrease
in sorption efficiency.

For example:

e At 250 °C and 2 atm, the sorption capacity of the
sorbent reached 96%.

o Atthe same temperature, the capacity dropped
to 84% at 3 atm and only 10% at 4 atm.
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Therefore, conducting the activation process within
a 1-2 atm pressure range is recommended.

Bentonite powder activated with acid can be used for:

o Purification of oil and fat products,

o Refining petroleum products,

o Treating wastewater from various industrial
facilities.

Conclusion. This technology is cost-effective, time-
efficient, and economically advantageous for industrial
use. According tothe results, the high-performance
sorbent achieved through this method is 23-27% more
effective than conventional sorbents in purifying drinking
water for the oil and fat industry.
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