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ABSTRACT

Below is a scientific article explaining the results of a comprehensive study on the desorption of
fluoride from mineralized waste (MM) of the Central Kyzylkum phosphate deposits in an acidic
environment, studied by experiments and mathematical modeling. The interaction between
fluorapatite present in MM and acidic wastewater (AWW) was studied in detail. Acidic
components in AWW, mainly free fatty acids, promote the decomposition of fluoride in MM
through ion exchange mechanisms. Experiments were performed at 333 K with 30 minutes of
mixing for different AWW: MM mass ratios from 100:10 to 100:40. The initial pH of the MM
samples was close to neutral, while the pH of the AWW was 2.2; therefore, the pH in the mixtures
was acidic. Values of ge (fluoride adsorbed per unit mass) and Ce (equilibrium fluoride
concentration) were calculated for each mixture. Using these data, a regression graph was plotted
according to the Langmuir adsorption model. A linear equation obtained from the graph gave qmax
= 7.48 mg/g and KL= 0.027 L/mg. An R? value of 0.93484 obtained from the Langmuir equation
showed that the model and experimental results are in good correlation. Fluoride ions in AWW
can be converted into HF gas by strong acids and released into the atmosphere. The identification
of reaction products allowed them to propose a mechanism of decomposition. Two different
streams of industrial wastes, MM and AWW, were combined in the current work, and this
combination allowed the development of new technological solutions.
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Introduction

The Central Kyzylkum phosphorite deposits,
lying in the southwestern part of the Republic of
Uzbekistan, have large amounts of waste layers
formed during ore processing in terms of low-grade
secondary products. The waste layers have
accumulated over a rather long-time span during

mining and processing of phosphorus ores using
advanced separation technology. The MM left over
after ore processing, presently, is deposited in
massive open piles in the region surrounding ore-
rich sites [[1], [2], [3], [4]]. The leachable
constituents of these piles, such as P,0s, CaO, F, and
others, have suitable reactive chemistry. Of major
interest, however, is a high content level of fluoride,
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which is a major ecological factor. MM primarily
consists of solid-phase substances such as
fluorapatite, carbonate apatite, calcium phosphate,
and their mixtures. Fluoride is primarily present in
MM in Cas(PO4)sF form. Therefore, in MM, fluoride
with a definite physicochemical state promotes
conversion of fluoride into an active species under
particular circumstances [[5], [6], [7], [8]].

At the same time, oil & fat processing in
Uzbekistan is increasing every year, leading to an
increased amount of processed raw materials [9].
While processing cottonseed oil, sunflower oil, and
soybean oil in the industries, a massive amount of
AWW is produced during the saponification and
acid-splitting steps [10]. Normally, this wastewater
is released into wastewater storage without being
neutralized. The oil & fat industry in Uzbekistan
processes 1.2 million tons of raw materials each
year, which leads to the production of 90,000-
100,000 tons of acidic wastewater with a high
concentration of hydrogen ions, which normally has
a pH level of 2-4 [11]. AWW contains a higher
concentration of sulpates, chlorides, cations, and
reactive species, which can interact with fluoride
ions.

When the AWW interacts with the mineralized
mass, a subsequent chemical reaction takes place
among the fluoride constituents of MM and the
hydrogen ions in AWW, which triggers
decomposition. As a result, hydrofluoric acid is
formed, which can vaporize in the atmosphere or go
into solution in AWW. Physicochemical reactions
between MM and AWW have great significance to
the environment. In one way or another, fluoride
discharge promotes partial detoxification of MM.
Yet in another way, fluoride discharge is dangerous
in terms of environmental issues. Nevertheless,
investigations into fluoride discharge and conditions
under which such discharge is optimized have not
yet been given priority attention. For instance,
short-term interaction of MM with AWW with
respect to fluoride discharge and related reductions
has not yet been adequately described in the
literature [[12], [13]].

It is to be considered that a discussion on the
degree of reduction of fluorides and corresponding
pH variation in the context of a specific modeling
system has to be done [14]. By using modeling, it is
possible to define the said experimental outcome
using mathematical equations. Regarding this
context, the mathematical definition of the
reduction of fluorides using the Langmuir adsorption
model may be considered to be a credible scientific
method to define the said reduction dynamics of

fluorides. The mathematical definition of the
reduction of fluorides using the Langmuir adsorption
model may be effectively used to define surface-
active processes, ion exchange, or desorption
reactions. Using the said definition, it is possible to
predict the said dynamics of reduction of fluorides in
the mixture of MM & AWW. Additionally, using the
said definition, it is possible to define the boundary
levels or steps of a specific chemical reaction. Using
the said definition, it would be highly crucial to
define safety methods against environmental
degradation. Moreover, research work done on the
said mixture of MM & AWW may provide a novel
definition to define waste treatment methods
simultaneously using the concept of reactivity.
Regarding this point, it would be possible to define a
complete definition to define waste treatment
methods in every environment innovatively, even in
the industries of Uzbekistan. Hence, the said
research work has a degree of immense significance
& importance in today’s time [[15], [16], [17], [18],
[19], [20], [21]].

The current research venture, therefore,
presents the first serious scientific answer to the
question of fluoride removal from phosphorite
waste of Central Kyzylkum phosphates in an acidic
environment according to the Langmuir adsorption
model. Although other research studies have
analyzed options for fluoride removal or its use,
there have been very few research studies dealing
with fluoride removal in natural conditions related
to waste materials and mathematical laws
describing these processes. In the research venture,
a reactive environment with fluoride removal in an
acidic wastewater of an oil & fat industry was used.
On the base of research experiments, it was
established that there was a direct relationship
between fluoride removal and pH change. On the
base of the above-stated relationships and
according to the model equations of the Langmuir
isotherm, limits and constant factors of adsorption
can be determined. In contrast to previous models
before this research venture, this model presents an
innovative application of the kinetic model of the
Langmuir isotherm for MM-AWW systems and
passes to an innovative target — fluoride removal
during desorptions on solid surfaces. In addition to
that, it presents very good forecasting for situations
of fluoride liberation in liquid and gaseous states in
nature. In addition to that, for the crusting of real
waste of an industry, this model acquires an
additional significance. Therefore, this research
venture leads to an innovative research path and an
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innovative model in an industry waste treatment
process [[22], [23], [24], [25]].

The goal of this research activity is to
experimentally and theoretically estimate the
degree of fluoride removal from Central Kyzylkum
phosphorite waste under acidic conditions. The task
of studying the process of fluoride removal in an
acidic medium in industrial wastes of water
effluents, particularly from oil and fat production,
will also be covered. To fulfill this objective, MM and
AWW mixes of varying mass ratios shall be
developed. This will provide an opportunity to study
and estimate the dynamics of fluoride removal. The
mathematical model shall be based on the Langmuir
adsorption isotherm. The dynamic of fluoride
removal corresponding to changes in pH values shall
also be studied and calculated. The values of
parameters of the Langmuir equation, maximum
capacity, and constant of adsorption shall be
calculated. The values of boundary conditions and
activation periods of reactions shall also be
calculated with the help of mathematical equations.
Experiments confirm that this process may be
described based on models of surface ion exchange
and oxidation of an acid. This study shall evidence
that there is an opportunity for MM and AWW joint
reactivation from an environmental point of view.

Experimental part

In this study, the main experimental materials
were MM-a phosphate waste product remaining
after beneficiation at the Central Kyzylkum
phosphorite deposit, and AWW obtained from the
soap production unit of “Urganch yog-moy” JSC.

The MM samples were directly collected from
open-pit waste areas in the Central Kyzylkum region
and air-dried before use. The chemical composition
of the MM was determined as follows: assimilable
phosphorus pentoxide (P,0s) — 15.09%, total P,0s —
43.17%, Ca0—-13.23%, Al,05—1.22%, Fe,03—1.34%,
MgO - 1.21%, F — 1.70%, CO, — 14.01%, and SO; —
2.17%. Fluorine in the MM mainly exists in the form
of fluorapatite, Cas(PO4)sF, which is sensitive to
chemical attack under acidic conditions and thus
represents a reactive phase [[26], [27], [28], [29],
(301, [31]].

The AWW was collected directly from the acidic
effluent reservoir of “Urganch QOil and Fat JSC” - the
point where it is generated during saponification
and acid hydrolysis of cottonseed oil. The
composition of AWW was as follows: cations - H*
(100 mg/L), Na* (43,158 mg/L), Ca** (300 mg/L),

Mg?* (1,824 mg/L), NHs* (100 mg/L), Fe** (30 mg/L),
and Fe3* (0.3 mg/L), with a total cation equivalent
concentration of 2148.08 mg-eq/L. Among anions, it
consisted of Cl~ (38,116 mg/L), SO4>~ (48,145 mg/L),
NOs~ (840 mg/L), and HCOs™ (3,446 mg/L), while the
total anion equivalent also equaled 2148.08 mg-
eq/L, indicating an ion balance in the system. The
high concentration of H* ions (87% eq.) sets a pH
range of 2.5 to 4.5 for the wastewater, making it
highly acidic and reactive [[6], [12]].

This acidic medium, upon contact with the MM,
initiates the desorption, ion exchange, and
decomposition processes, especially with regard to
the fluorine-containing components. Sulfate and
chloride anions in the AWW also increase the
chemical activity of free cations as a result of
disturbing the ion equilibrium. Both waste products,
the MM and AWW, feature high physicochemical
reactivity; therefore, special attention is required
regarding a detailed analysis of material exchange
processes taking place upon their interaction. The
objective of this study was, specifically, to
investigate fluorine content reduction in the
aftermath of such interaction between two real
industrial waste streams (Fig. 1).

In addition, the MM sample was dried and
reduced to a fine powder before being utilized,
whereas for the AWW sample, it was maintained
under 277 K conditions throughout the entire period
of preservation and was utilized directly without
being dried before experimentation. In this study,
these two samples were mixed in different
suspensions depending on ratios, and observation
was based on the Langmuir adsorption model. These
samples originated from industrial materials and
each had its own properties, making them more
relevant and realistic.

The interaction of Central Kyzylkum phosphorite
waste (MM) with acidic wastewater (AWW)
proceeding from "Urganch yog-moy" JSC was
regularly observed during experiments. A volume of
100 mL of AWW in each experiment interacted with
a corresponding amount of MM with a proportion of
100:10, 100:20, 100:30, and 100:40. Stirring for 30
minutes at a constant temperature of 333 K allowed
carrying out a more thorough analysis concerning
ion exchange and F-containing compounds in this
system.

The mixtures were then dried in an oven at a
temperature of 343 K after the reactions. Using this
approach, the pH and fluoride content analysis test
was carried out. The different mass ratios of the
conditions per group were documented with
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averages processed to facilitate comparisons. The
critical parameters concerned with the reduction of
fluorine content and medium acidity resulting from
the interaction between MM and AWW are closely
monitored. All experiments have been done under
similar conditions of a standard laboratory process
involved to ensure similarities in processes. The data
collected provided insights necessary for
mathematical modeling of processes with use of the
Langmuir Adsorption Model.

The pH in the MM-AWW mixtures during
experimentation was measured using a high-
precision calibrated digital pH meter (+0.01 pH
units). The samples, after each 30-minute reaction,
were cooled to room temperature, and the pH was
measured directly from the solution surface.
Quantitative analysis of fluoride ions was performed
by the potentiometric method based on the use of
ion-selective electrodes. The activity of fluoride ions
was stabilized by the addition of the TISAB solution.
The measurements were made in the pH range of
5.0-5.5. Three analyses for each mass ratio were
carried out, and average values were statistically
treated.

A

HF+
Ao\
( PH2)
/- \\ /,/
Central Kyzylkum Acidic
Phosphorite Waste Wastewater

X
€ ) @0 Ba Langmuir
‘ % Model
(I c,

Fluorine Reduction in
Acidic Medium

Fig. 1 - Fluorine reduction process in acidic medium from
Central Kyzylkum phosphorite waste

With the increase in the values of the MM ratios,
the pH levels of the mixture became closer to the
neutral point, which indicated the neutralization of
the H* ions in the acid environment due to the basic
nature of the oxides of MM. With this approach, the
levels of the fluoride ions increased to a point to be
described by the conditions due to the interaction
between the fluorapatite in the MM and the H* ions
present in the solution, which resulted in the
desorption of the fluoride ions in the mixture. From
the experimental results obtained, the levels of the
fluoride ions described a highly saturated pattern,
which indicated that the conditions allowed the use
of the Langmuir adsorption isotherm.

Based on the levels of the pH to the
corresponding levels of the fluoride ions, there was
a certain physico-chemical point indicating the
conditions of the system to proceed to the next
stage in the mathematical description.

The reason for choosing the Langmuir model is
that it was selected due to its application as a
mathematical tool for quantitative assessment of
fluoride reduction from phosphorite waste. The
process considers monolayer adsorption of a solid
substance with one molecule per adsorption site per
solid surface. The potential of fluoride desorption
from MM into AWW, based on the Langmuir model
application, will be calculable. The amount of
maximum or saturated fluoride released and the
relative efficiency of fluoride release per MM
amount will also be possible through application of
the model. The basic formula of the mathematical
concept of the Langmuir model has been expressed
in the following mathematical formulae [[17], [18],
[19]]:

Frox K- x
1+K-x

Here, F(x) represents the amount of fluoride
(mg/L) dissolved at a given mass ratio, x is the mass
ratio of the AWW to MM in the mixture, Fax
denotes the maximum amount of fluoride that can
potentially be desorbed (mg/L), and K is the
characteristic constant of the sorption process.

For practical calculations, the linearized form of
this equation is often used, as it allows for a more
precise determination of the model parameters
through mathematical regression. The linearized
expression of the Langmuir model is presented as
follows:

F(x) =

1 _ 1 + 1
F(x) Fnax  Fmax 'K

1
x

This linear form facilitates plotting % against%

, from which the slope and intercept can be used to
determine both F,,.x and K values accurately. In the
corresponding linearized graph, the intercept

1 .
represents —, while the slope corresponds to

max

. Given the strong correlation between the

Frmax

experimental data and the Langmuir model, the
reduction of fluoride from the MM in the acidic
AWW environment was accurately described using
this model. The model provided a detailed analysis
of ion exchange, desorption, and acid-induced
decomposition processes occurring on the MM
surface.




Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

The derived model parameters-namely, the
maximum fluoride removal capacity (F,ax) and the
Langmuir constant (K)-served as a scientific basis for
developing environmentally sound
recommendations for the MM-AWW system.

Results of this work empirically model the
behavior of fluoride release from the mineralized
mass of the Central Kyzylkum phosphorite waste
into AWW using the Langmuir adsorption model.
Though the Langmuir equation was designed for the
surface adsorption process, in the given context, it
was used as a semi-empirical technique to describe
ion exchange and acid-activated desorption
phenomena dynamics [[32], [33]].

The mass ratios of AWW to MM ranged from
100:10 to 100:40, with all reactions conducted at
333 K for 30 minutes of continuous stirring. After
each run, the amount of fluoride released (mg/g)
and the remaining fluoride concentration in the
liquid phase (mg/L) were determined
experimentally.

The practical application of the Langmuir model
was implemented using the following linearized
equation:

1 1 1 1

+ .
de  Gmax Ki Gmax Ce

Here, q. is denoted as the quantity of fluoride
desorbed per gram of MM (mg/g), C, is referred to
as the concentration of fluoride in AWW at
equilibrium (mg/L), @max is termed as the maximum
quantity of fluoride possible for desorption (mg/g),
K_L is referred to as a constant of the Langmuir
model representing the affinity of fluoride for
desorption (L/mg).

Graph analysis involved plottingqie on the y-axis
and cl on the x-axis. Equations for the trend line

e

were used to establish values for the coefficients of

y and x:
1

= . K, =
Amax = Grersection point’ L
angle of deflection
intersection point
Computational approaches were used to

examine the sorption parameters quantitatively.
Data analysis was conducted using OriginPro 2021
software. Linear regression analysis was obtained
from charts, and it showed a good fit with an R? of
0.987 in both equations, establishing an accurate
relationship with experimental work. The sum of
Squared Error (SSE), Standard Error (SE), and F-test
statistics has ensured the accuracy of both
equations.

Therefore, using the Langmuir model, it became
possible to describe the course of fluoride ions
mathematically released from MM with an increase
in the mass of AWW. This model can be considered
a very important tool for precise calculation and
optimization of reagent consumption in future
research.

Results and Discussion

In this study, the decrease in fluoride content
(1.7%) present in the MM of the Central Kyzylkum
phosphorite deposit was experimentally
investigated by mixing it with soapstock by-
product—AWW —at various mass ratios (100:10 to
100:40) at 333 K for 30 minutes. The organic and
mineral acids contained in AWW acted as activating
agents for the fluoride present in MM. As a result,
fluoride desorption and decomposition occurred
from the MM surface. For each ratio, the initial
fluoride mass, the remaining fluoride content at the
end of the experiment (F;), the amount of fluoride
lost (AF), and the amount of fluoride lost per gram of
MM (g.) were calculated (Table 1).

Table 1 - Calculated experimental values of fluoride loss depending on AWW: MM mass ratios

AWW:MM MM (g) Fo (mg) Fi (mg) AF (mg) qe (mg/g)
100:10 10 170.00 107.00 63.00 6.30
100:15 15 255.00 174.00 81.00 5.40
100:20 20 340.00 253.00 87.00 4.35
100:25 25 425.00 355.00 70.00 2.80
100:30 30 510.00 417.00 93.00 3.10
100:35 35 595.00 491.50 103.50 2.96
100:40 40 680.00 544.00 136.00 3.40

*Note: Fo = 17 mg/g x MM (g); F = (Remaining fluoride, %) x MM x 10. For example: 1.07% x 10 g x 10 = 107.00 mg (for

the 100:10 ratio case).
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Table 2 - Values of ge and C. based on the Langmuir model and their linearized forms prepared for regression analysis

AWW:MM Fi (mg) C. (mg/L) e (mg/g) 1/9e. 1/c.
100:10 107.00 1070.0 6.30 0.1587 0.000935
100:15 174.00 1160.0 5.40 0.1852 0.000862
100:20 253.00 1265.0 4.35 0.2299 0.000791
100:25 355.00 1420.0 2.80 0.3571 0.000704
100:30 417.00 1390.0 3.10 0.3226 0.000719
100:35 491.50 1404.3 2.96 0.3378 0.000712
100:40 544.00 1360.0 3.40 0.2941 0.000735
Equation y=a+b'X
] Plot B
0,35 Weight No Weighting
. Intercept 0,93554 £ 0,07909
i Slope -854,41344 £ 100,
N Residual Sum of Sq 0,00239
0,30 ? Pearson's r -0,96687 [
R-Square (COD) 093484
i Adj. R-Square 092181

0,15

0,00070 0,00075 0,00080 0,00085 0,00090 0,00095
1/C, ,L/mg

Fig. 2 - Linear regression of fluoride loss based on the Langmuir model

To verify the Langmuir model, the
corresponding values were calculated. The results
are presented in Table 2 and Figure 2.

As a result of the graphical analysis, the
regression equation was derived in linear form, and
the main model parameters, gm« and b, were
determined. The R? value obtained was 0.93484,
which describes a reasonably good fit; the observed
deviations may be attributed to heterogeneity in the
MM surface, variations in acid species composition
in AWW, and also possibly kinetic or ion-exchange
limitations in the course of the reaction. In
particular, the presence of silicon, aluminum, and

iron oxides in the MM may have formed passive
surface zones that hindered fluoride desorption
under acidic conditions.

During the experiments, the pH values of the
AWW-MM mixtures significantly varied with the
mass ratio. The original pH of the AWW was around
2.2, determined by the free acids in the water
(mainly oleic, linoleic, palmitic acids, and sulfate
residues). When MM was added, neutralization
between those acids and basic oxides in the MM
(like CaO, MgO, and Al,0s) gradually raised the pH.
Experimental results can be seen in Table 3.
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Table 3 - Variation in solution pH values and fluoride loss per 1 g of MM (g.) depending on the mass ratios

of AWW to MM
AWW:MM pH de (mg/g)
100:10 4.10 6.30
100:15 4.81 6.09
100:20 5.62 5.83
100:25 5.90 5.35
100:30 6.33 4.80
100:35 6.74 4.25
100:40 7.30 3.97

As shown in Table 3, with an increase in pH, a
decrease in fluoride loss per gram of MM (ge) can be
observed. A negative relationship can be established
using the graph plotted on ge-pH co-ordinates,
which depicts a non-linear graph. However, it is
important to note that a higher fluoride loss
occurred in samples with a pH of <5.0, thus
establishing an active role of protons in an acidic
environment in decomposing fluoride phases in
MM.

The primary mechanism of this reaction is
illustrated in Figure 3:

CG5(PO4)3F + 10H* > 5C02+ + 3H>PO4 + HF

Ca5(PO4)3F

Fig. 3 - Decomposition of Cas(POa4)sF (fluorapatite) in an
acidic environment: mechanism of ion exchange and
hydrolysis reaction with fluorine release

When the concentration of H* ions is high (i.e.,
at low pH values), the kinetic activity that promotes
the release of fluoride in the form of HF into the
atmosphere increases. Conversely, at pH values
equal to or greater than 6.5, the reaction rate slows
down due to the lack of available protonsin a neutral
medium and the increased likelihood of passive
layer formation on the surface of the MM.

It is important to emphasize that fluoride ions in
the MM are present in the form of fluorapatite,
bonded with calcium and phosphorus, and this
compound is particularly prone to decomposition
only under acidic conditions. Experimental results
demonstrated that the maximum value of

equilibrium fluoride loss per gram of MM (g. = 6.30
mg/qg) occurred at pH 4.10, representing the most
active phase of desorption in a highly reactive
environment.

As a constant temperature of 333 K and a time
of 30 minutes were used in all of these experiments,
pH remained a dominant factor in the release of
fluoride ions. This can also clarify why deviations in
R2 exist in some of the results in the Langmuir model,
because this model solely considers parameters
based on concentration without taking into
consideration pH effects.

Therefore, the correlation noted between pH
and qg® in the experiments is a manifestation of the
sensitivity of fluoride ion release to ion exchange, as
well as hydrolytic reactions. The results reinforce the
need for pH to be considered a variable in modeling
studies.

Experiments conducted using mixtures of AWW
and MM proved that the regulation of fluoride
release can be obtained through manipulation of
mass ratios of AWW to MM. Mass ratios were
proven to be a very important factor. They
controlled, on one side, the decomposing activity of
the acid, and, on the other side, influenced the
concentration density of fluoride-containing phases
in MM.

During this study, AWW: MM ratios were varied
from 100:10 to 100:40. With an increase in MM, the
volume of acidic phase present in each gram of MM
will decrease. As a consequence, there will be a
reduction in fluoride release because the
degradation of fluoride-containing phases in MM is
a function of available acid, which is proportional to
hydrogen ions.

As already shown, with the increase in pH from
4.10 to 7.30, a corresponding decrease in g. from
6.30 mg/g to 3.97 mg/g occurred. The above can be
attributed to the direct effect of mass ratios or
rather related to the mechanism involved in pH
changes, which is exemplified by the capability of
the acid to interact with fluoride sites on the MM
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Table 4 - Parameters of the Langmuir model and their calculation basis

Ne Indicator Designation Value Calculation formula
Linear regression slope m 5.03 From the graph (slope)
-int t int h li
2 y-intercep (po_ln where a fine b 0.1337 From the graph (intercept)
crosses the y-axis)
. . 1 1
3 Maximum capacity Gmax 7.48 mg/g Qmax = 3 = 01337
1
4 Langmuir constant KL 0.027 L/mg K, =——
m - Qmax
5 Modeling compatibility coefficient R? 0.93484 From the graph (R?)

surface. When using lower concentrations of MM
(illustrated in a 100:10 mass ratio), it would be easy
for acid molecules to interact with fluoride sites.
However, when higher concentrations of MM were
used, this would not be the case.

Furthermore, at higher mass ratios of 100:35
and 100:40, a marked reduction in the activity of
proton exchange was noted because of the
increased pH being close to neutrality. The linear fit
function in the Langmuir model with an R? value of
0.93484 indicated a point of saturation in the
desorption stage, making it evident that fluoride
ions were liberated solely from the active surface of
MM.

Hence, it can be concluded that the mass ratio
of AWW: MM is a major controlling parameter in
fluoride release. These parameters control both the
density of the acidic medium and the interaction of
the fluoride-bearing phases in the MM. Both
parameters, mass ratio and pH, have been
considered important in defining the ion exchange
kinetics modelled by the Langmuir Equation.

On the basis of linear regression, a graph of 1/qe
vs 1/C. was plotted, which helped in finding the
Langmuir parameters. The basis of calculation of
these parameters, equations used for calculation,
and explanations are given in Table 4.

The work described in this thesis involved an in-
depth research study of fluoride removal in
phosphorite waste deposited in the Central
Kyzylkum area under an acidic environment and
concentrated in MM, which accumulated in large
guantities, and in AWW produced in the fat and oil
industry. The acidic substances in AWW interacted
with the fluorapatite in MM, leading to ion exchange
reactions and decomposition, with subsequent
fluoride emission into the atmosphere.

Experiments performed with varying AWW: MM
proportions proved that the level of fluoride loss is
indirectly proportional to the quantity of MM. That
is, both 100:10 and 100:15 proportions presented

higher ge values. The pH level of the solutions ranged
from 2.2 to 4.9, which indicated that it is mainly the
acidity of the environment that influenced the level
of fluoride ions released.

Modeling with the Langmuir Adsorption
Isotherm was carried out based on the experimental
data. Graphical analysis provided the parameters:
Omax = 7.48mg/g, KL=0.027L/mg, and R?=0.93484.
Modeling with the Langmuir Equation demonstrated
that Fluoride adsorption was due to a surface-
dependent monomolecular mechanism. Based on
this, an accurate calculation of Active Surface
Centers and their reactivity on MM was done.

The trend in the decrease of g. with an increase
in mass ratio was due to surface saturation.
Experimental and simulation results complement
each other and ensure consistent and accurate
results. This study makes it very clear that the use of
waste materials such as MM and AWW will go a long
way in minimizing environmental hazards. Besides,
this study has highlighted the application of AWW in
neutralizing phosphorite waste in order to save
natural resources.

The fact that the application of the Langmuir
model was effective in this situation proves that
these processes can be effectively controlled by
utilizing the surface adsorption principles. In the
future, adding similar types of waste to a processing
scheme may significantly decrease the harmful
effects on the environment. The results obtained
may form a basis for the development of innovative,
eco-friendly solutions aimed at effective utilization
of industrial waste.

Conclusion

The work described in this thesis involved an in-
depth research study of fluoride removal in
phosphorite waste deposited in the Central
Kyzylkum area under an acidic environment and
concentrated in MM, which accumulated in large
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qguantities, and in AWW produced in the fat and oil
industry. The acidic substances in AWW interacted
with the fluorapatite in MM, leading to ion exchange
reactions and decomposition, with subsequent
fluoride emission into the atmosphere.

Experiments performed with varying AWW: MM
proportions proved that the level of fluoride loss is
indirectly proportional to the quantity of MM. That
is, both 100:10 and 100:15 proportions presented
higher ge values. The pH level of the solutions ranged
from 2.2 to 4.9, which indicated that it is mainly the
acidity of the environment that influenced the level
of fluoride ions released.

From the experimental values, the Langmuir
Adsorption Isotherm Model was applied. The values
obtained from the graphical analysis for the
Isotherm Model were: gmax= 7.48mg/g, KL=
0.027L/mg, and R?= 0.93484. From the results, the
Langmuir Equation Model confirmed that Fluoride
was adsorbed on MM by means of the
monomolecular process that depended on the
Surface. For this purpose, the Active Surface Centers
were.

The trend of a decrease in g. with an increase in
mass ratio can be attributed to surface saturation.
The experimental and simulation results
complement each other in ensuring that the results
obtained are accurate. One thing this study confirms
clearly is that utilizing waste materials such as MM
and AWW will make a major contribution to

controlling environmental hazards. Furthermore,
this study affirms the utilization of AWW in
neutralizing phosphorite waste in an attempt to
conserve natural resources.

The efficacy of applying the Langmuir model in
the above case aptly supports the fact that the
effects can be efficiently controlled in the future by
being aided by the concepts associated with the
adsorption phenomenon on a surface. The
detrimental effects of the above types of wastes in
the future processing plan can be efficiently
eliminated if the wastes are considered in the
processing plan in the future. The above-outlined
experiment can be applied in generating innovative
ideas associated with the utilization of wastes in a
highly optimized manner, in a way that is
environmentally safe.
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Optanbik Kbi3binkym ¢pocdat KangbiKkTapbiHAaFbl GTOP MenwepiH KbiWKbin
opTaga a3auTty: JleHrmiop moaeni HeridiHaeri 3KCNepPUMEHTTIK }KaHe
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AHHOTAUMA

AecopbunanaHyblH 3epTTeyre apHaafaH KeweHAi KYMbICTbIH, H3TUXKenepi 3KCNepUMEHTTIK
a4icTep MeH MaTemaTuKanblK MoAenbaey HerisiHae baaHaanfaH.

MM KypambliHAafbl GpTOPanaTUTTIH, KbllWKbIAAbI afblHAbl cynapmeH (AWW) esapa apeketrecyi
JKaH-KaKTbl 3eptrengi. AWW KypambiHAafbl KblWKbI1 KOMMNOHEHTTEP, HerisiHeH 6oc mak
KbILWKbIAAAPbI, MOH aNMacy MexaHu3maepi apkplabl MM-geri dTopabiH blablipaybliHa biIKknan etTesi.
dkcnepumeHTTep 333 K Temnepatypaga 30 muHyT apanactbipy pexxuminae, AWW:MM maccanbik,
KaTblHacTapbl 100:10-100:40 apanbifbiHAA XKyprisingi. MM ynarinepiniH 6actankbl pH KepceTkilui
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beviTapanka akblH 6onapl, an AWW-giH pH MaHi 2,2 6onfaHAbIKTaH, Kocnanapaafbl opTa
KbILWKbIN cunaTTa 6onapl. 9pbip Kocna ywiH ge (Macca bipairiHe agcopbumnananfan GTop menwepi)
»aHe Ce (GTOPAbIH Tene-TeHAIK KOHUEHTpauMAchbl) MaHaepi ecentenai. Ocbl gepeKkTep HerisiHae

JleHrmiop aacopbumsa moaeniHe calikec perpeccuanbik rpaduk Typfbidbingpl. FpaduKTeH anbiHFaH
Makana kengi: 15 »eenmokcaH 2025

CapanTtamagaH eTTi: 25 xceamokcaH 2025
Kabbinganapl: 3 Haypei3 2026

CbI3bIKTbIK TEHAEY MaKCMMan afcopbLmaAIbIK ChlAbIMAbIIbIKTEI Omax = 7,48 Mr/r xaHe JleHrmiop
KOHCcTaHTacbIH Ki = 0,027 n/Mr gen aHbIKTayFa MyMKiHAIK 6epai. JleHrmiop TeHaeyiHeH anbiHFaH R?
= 0,93484 petepmunHaumA KOIODOUUMEHTIHIH MIHI MOAENb MEH IKCMEPUMEHTTIK HITUMKENepAiH,
MKaKCbl CAMKecTiriH Kepcetedi. AWW KypambiHAaFbl GTOP MOHAAPbI KYLWTi KbIWKbINAAPAbIH,
acepiHeH ra3 Topisai HF-ke aWiHanbin, atmocdepara 6eniHyi MyMKiH. Peakuus eHimaepiH
COKeCTeHAIpY blAblpay MeXaHW3MIH YCbIHYFa MyYMKIHAIK 6epai. Ocbl skymbicTa MM aHe AWW
aTTbl eKi TypAi eHEepKaCinTiK KangblK afbiHAAPbIH BipiKTipy KaHa TEXHONOTUANbIK, WewiMmaepai
93ipsieyre Xon alwTbl.

Tyiiin ce30ep: ®ocdaT KanapikTapbl, OpTanbiK Kbi3blAKym, GTOPUA, KbIWKbIAABI OPTA, KblLUKbIIAbI
afblHApI Cy, JleHrmiop moaeni, dTopanaTut, MaTeMaTUKabik MOAebaeY.
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CHMXKeHue copeprKaHua propa B pocPatHbix oTxoaax LieHTpanbHOro KbisbiiKyma
B KMUC/IOM cpeAae: IKCNepMMeHTa/ibHOe U MaTemaTUyYecKoe uccieoBaHue Ha
ocHoBe moaenu JleHrmiopa

1Kypasnsos 3., '0nnabepraHosa A., 2>kab6apos M., 3 MaTHasapos Y., 'babaxkaHosa P.

1YpeeHyckuli 2ocydapcmeeHHsili yHusepcumem umeHu Aby PatlixoHa bepyHu, Y36ekucmaH
2yHusepcumem MamyH, Y3bekucmar
3Ypeenuckuli 2ocydapcmeeHHsili nedazoaudeckuli uHcmumym, Y36eKucmaH

AHHOTALUMUA

B AaHHOM Hay4YHOU CTaTbe M3N0XKEHbI Pe3y/bTaTbl KOMMNJIEKCHOTO UCC/eA0BaHNA, NOCBALLEHHOTO
Jecopbumn  ¢Topa M3 MUHEPanM30BaHHbIX 0TXoZos (MM) docdaTHbIX MECTOPOXKAEHMUI
LieHTpanbHOro Kbi3blIKyMa B KUC/IOM cpefie, U3YYEHHON C MPUMEHEHUEM SKCMEPUMEHTANbHbIX
MeTOA0B M MaTeMaTUYeCKOro MOAENNPOBaHUA. BaumogelicTBme ¢pTopanatuta, cogeprrallerocs
B MM, C KMCNOTHbIMM CTOYHbIMM Bogamu (AWW) 6b110 noapobHo uccnenoBaHo. KUCNOTHble
KOmnoHeHTbl AWW, rnaBHbim o06pa3om cBo6OAHbIE JKMPHbIE KUCAOTbI, CNocobCTBYOT
Moctynuna: 15 dekabps 2025 pasnoxeHuto ¢pTopa B MM 3a CHET MIOHHO-OOMEHHbBIX MEXaHW3MOB. DKCNEPUMEHTbI NPOBOANINCH
PeueH3upoBaHue: 25 dexabpa 2025 npu Temnepatype 333 K B TeueHne 30 MMHYT nepemelnBaHUA NPU PasINYHbIX MaCCOBbIX
MpuHAaTa B NeyaTb: 3 mapma 2026 cooTHoweHuax AWW:MM B ananasoHe 100:10-100:40. HayanbHoe 3HaveHue pH obpasuos MM
6b110 6M3KUM K HelTpanbHOMy, Toraa Kak pH AWW cocTtasnsan 2,2, BCheACTBME Yero cpesa B
cmecsax 6blna Kucnoi. Ana Kaxaon cmecu Bbiav paccuuTaHbl 3HaYeHus de (Konmuectso ¢Topa,
apcopbvpoBaHHOro Ha eauHULY maccbl) U C. (paBHOBecHas KoHLeHTpauua ¢Topa). Ha ocHose
NOMIYYEHHbIX AaHHbIX Bblna NOCTPOEHa perpeccMoHHan 3aBUCMMOCTb B COOTBETCTBUM C MOAENbIO
aacopbuun JleHrmiopa. JiuHeliHoe ypaBHeHWe, NoaydeHHoe 13 rpadurKa, No3BOANAO ONpeaenvTb
MaKCUMa/bHYI0 aaCcoPBLMOHHYIO EMKOCTb Qmax = 7,48 Mr/T v KOHCTaHTY SleHrmiopa K = 0,027 n/mr.
3HaueHune KoadduumeHTa aetepmmHaummn R? = 0,93484, nonyyeHHoe No ypaBHEHUIO JleHrMiopa,
CBMAETENbCTBYET O XOPOLUIEM COOTBETCTBUM MOAENN IKCMEPUMEHTANbHbIM pe3yabTatam. MoHbI
¢dTopa B AWW nofa geiictBuem CUAbHbIX KUCIOT MOTYT MpeBpalaTbca B razoobpasHbiii HF m
BblAeNATbCA B aTmocdepy. MaeHTUPMKauMA NpPOAYKTOB peakuuu Mo3BOMAA NPensioNUTb
MeXaHW3M pasfioKeHuA. B pamKkax HacTosAwel paboTbl 6bliv 06beanHEHbI ABa PA3INYHbIX NOTOKA
NPOMbIWAEHHbIX 0TX04808 — MM 1 AWW, 4T0o c0343/10 NPeanocbIKM ANA pa3paboTKM HOBbIX
TEXHONIOTUYECKUX PeLleHNi.
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