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ABSTRACT

The results of a comprehensive study of the physicochemical and commercial properties
(hygroscopic point, sorption kinetics, sorption moisture capacity) of trace-containing nitrogen
fertilizers based on ammonium nitrate (AN) melt and cathode powder from used lithium-ion
batteries are presented. The use of cathode powder as a polymicroelement additive (PMA) is
shown, and they were introduced into the saltpeter melt at various mass ratios of NA: PMA from
100 (0.5-3.0). The prepared samples of fertilizers with a granule size of 2-3 mm were tested to
determine the hygroscopic point, sorption kinetics, and sorption moisture capacity at relative air
Received: January 26, 2026 humidity of 60, 70, 85, and 100%. The samples of fertilizers were studied at a relative humidity of
Peer-reviewed: February 5, 2026 60%, and it was proved that at such a relative humidity, the samples do not get moistened, but
Accepted: August 4, 2026 rather dry out. The results of the study of samples with a 4-hour exposure are given and it is found
that fertilizer granules have a low hygroscopic point from 50 to 60% and a high moisture
absorption rate in the order of 1.860; 5.920 and 6.710; 2.052; 6.790 and 9.451, as well as 3.481;
6.954 and 9.906 mg/(g min) at relative air humidity of 70, 85 and 100%, respectively. Due to the
fact that the process of sorption of the investigated granules of products lasts up to 30 days (or
720 hours), they have a hygroscopic point of 60 to 70%, related to hygroscopic substances.
Appropriate conclusions are drawn due to the properties of the studied fertilizers: they have a low
moisture capacity, and their physical properties begin to deteriorate sharply only at a moisture
content of about 2%. The resulting fertilizers are not inferior to known fertilizers in their
characteristics. Recommendations are given for packaging the finished product in plastic bags for
storage and transportation over long distances.

Keywords: ammonium nitrate, melt, microelement, hygroscopicity, absorption rate, sorption
kinetics, moisture capacity.
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Introduction

Ammonium nitrate (AN) is an efficient and
versatile nitrogen fertilizer used for all types of crops
and soils. AN rapidly responds to crop growth and
development, promoting high yields even within a
short vegetation period. The consumption of AN
(100% nutrient component—N) required to obtain
an additional 1 ton of yield is 80 kg for cereals, 141
kg for cotton, 142 kg for flax, 10.3 kg for sugar beet,
157 kg for sunflower, 13.8 kg for potatoes, and 8.1
kg for vegetables [1]. Therefore, global production of
nitrogen fertilizers continues to increase, reaching
up to 127 million tons per year by 2020 in terms of
100% nutrient content [2]. According to information
from the International Fertilizer Association (IFA),
global production of ammonium nitrate increased
from 41.18 to 50.6 million tons (as 100% N) between
2009 and 2020, whereas prior annual production had
been approximately 43 million tons [3]. The largest
ammonium nitrate production capacities are located
in the United States and Russia, whose combined
share of global capacity is estimated at slightly over
13% [4]. In contrast, the share of Uzbekistan’s
chemical industry enterprises—such as JSC
“Maksam-Chirchik,” “Navoiyazot,” and
“Ferganaazot” —accounts for about 2%. Despite the
high level of production and consumption of
ammonium nitrate, it has two major drawbacks,
namely increased explosion hazard and a strong
tendency to cake during storage [5].

Caking is the adhesion of ammonium nitrate
granules to one another under the combined effects
of external load and ambient temperature, resulting
in the formation of a monolithic mass. This, in turn,
causes difficulties during the transportation and
storage of ammonium nitrate over long distances, as
well as during its application on agricultural land.

The main factors affecting caking are associated
with the high solubility, hygroscopicity, and low
mechanical strength of ammonium nitrate granules.
In addition, polymorphic transformations of
ammonium nitrate within the temperature range
from -17 to 169.6 °C, accompanied by various
structural changes, also contribute to caking [[6],
[71]. This phenomenon can be explained by the
transformation mechanism of ammonium nitrate
involving the dissolution of one phase and the
crystallization of another within its structure [[8],

[9]]. Commercial ammonium nitrate containing 26%
and 33% nitrogen is produced through industrial
manufacturing processes [10].

To this end, it is necessary to reduce the
solubility and hygroscopicity while increasing the
mechanical strength of ammonium nitrate granules
through the use of special additives. Such additives
are mainly carbonate-, sulfate-, and phosphate-
based compounds, as well as aluminosilicates
(kaolin, bentonite, vermiculite, etc.).

In parallel, mineral and hybrid additives derived
from natural and technogenic raw materials have
been widely studied in cementitious systems, where
such  additives are known to regulate
physicochemical interactions, moisture-related
properties, and microstructural development of
composite materials. These studies demonstrate
that multicomponent mineral additives can improve
material stability without critically compromising
functional properties, highlighting the potential for
cross-sectoral application of mineral additives in
nitrogen fertilizer systems [[11], [12], [13]].

However, after the addition of these types of
additives, one of the key commercial properties—
the hygroscopic point of the product—decreases
sharply from the initial 63% for ammonium nitrate to
about 30%. Moreover, not all of the above-
mentioned mineral additives provide a useful
functional benefit. In this regard, the use of
microelement additives can be proposed, which are
simultaneously applied to crops at sufficient levels
due to the high rates of nitrogen fertilization. In our
view, cathode materials from lithium-ion batteries
(LIBs) can be considered as promising microelement
additives. This is because the production of lithium
salts is steadily increasing, and various methods for
their recovery are being developed [14]. However,
the issue of recycling spent lithium-ion batteries
remains highly relevant.

In this regard, the scientific and practical
objective of this work is to investigate the
physicochemical and commercial properties
(hygroscopic point, kinetics of water vapor sorption,
sorption moisture capacity, and dissolution
temperature) of ammonium nitrate containing
microelements of 3d metals derived from spent
lithium-ion batteries (LIBs).
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The calcination temperature of 700 °C was
selected on the basis of preliminary experiments to
ensure  decomposition of residual organic
compounds and stabilization of the cathode material
structure.  Experimental measurements were
repeated three times, and the experimental error did
not exceed +3%.

Experimental part

The experimental part of this study describes the
research methodology and analytical methods
applied.

Laboratory experiments were carried out in
accordance with Ref. [12] using cathode powder
extracted from a branded mobile phone battery. The
extraction of the cathode material was performed by
ultrasonic treatment using a GT SONIC ultrasonic
device (China). After ultrasonic separation, the
recovered cathode powder was calcined at 700 °C for
3 h in a SNOL muffle furnace (Russia). The calcined
material was subsequently cooled in a desiccator at
25 °C and ground to a particle size of 0.25 mm.

Additional analytical control confirmed the
absence of significant concentrations of Pb and Cd
impurities within the detection limits of the method.
For chemical composition analysis, the calcined and
ground material was dissolved in aqua
prepared as a mixture of concentrated nitric acid
(HNO3) and hydrochloric acid (HCl) in a volume ratio
of 1:3. The resulting nitric—hydrochloric acid extract
was cooled, filtered, and subjected to elemental
analysis using a Shimadzu ICPE - 9000 instrument

regia,

(Japan). The analysis was conducted by inductively
coupled argon plasma optical emission spectrometry
(ICP-OES) in the wavelength range of A = 179-769
nm.

The elemental composition of the investigated
LIB material is presented in Table 1. It should be
noted that elements with contents not exceeding
0.02% are not included in the table. The tabulated
data show that the LIB material consists mainly of
lithium, cobalt, manganese, and nickel; therefore, it
can be conditionally classified as a polymetallic
microelement additive (PMD).

The process of incorporating PMD
ammonium nitrate is as follows:

into

Ammonium nitrate of grade “Ch” was melted at
170 °C in a metal reactor on an electric hot plate.
Then PMD was introduced into the melt at a mass
ratio of AN: PMD = 100: (0.5-3.0), ensuring that the
nitrogen content did not exceed 34% (to obtain non-
caking AN) and that the content of microelements
was 0.08-0.3% (this refers to the application of
microelements at 0.5-2.0 kg per hectare together
with 200 kg N, 150 kg P,0s, and 80 kg K,O during the
cultivation of raw cotton) [[13], [14]]. The
hygroscopic point of microelement-containing
nitrogen fertilizers with particle sizes of 2—3 mm was
determined by the desiccator method [[15], [16]] at
a temperature of 25 °C over a period of 30 days. The
composition of the studied products is presented in
Table 2 [17].

Table 1 - Chemical composition of calcined spent LIB cathode powder

Chemical composition, % Total Li+Co+Mn+ Other elements with low
Ni % content (less than 0.02%)
Li Co Mn Ni
2.47 13.80 10.31 2.38 28.96 71.04
Table 2 - Chemical composition of microelement-containing ammonium nitrate fertilizer granules
Sample | Mass ratio | pH of a 10% | Component content, wt.% Strength, | Moisture
Ne AN: PMD solution MPa content,
N Li Co Mn Ni %
1 2 3 4 5 6 7 8 9 10
1 . 0.396
100: 0.5 6.02 34.62 0.0094 0.0561 | 00387 | 0.0112 | 4.62
2 . 0.087
100: 1.0 6.04 34.40 0.0193 0.109 0.091 0.0189 | 5-16
3 100:1.5 | 6.08 3428 [ 0.0342 | g5 |0.1355 | 0.0164 |5.49 0214
4 100:20 | 6.15 3409 | 00432 |48 |0.1925 | (opaa | 585 0.208
> 100:3.0 | 6.42 33.87 | 0.0527 |0.2395 |0.2860 | po3g7 | 613 0.283

—— 54 ——
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Granules with a diameter of 2-3 mm were
obtained by laboratory granulation followed by
thermal drying at 80—90 °C.

The experimental data
statistically processed using Microsoft Excel 2019.
Average values obtained from parallel experiments
were used for graphical dependences and regression
analysis.

obtained were

Results and Discussion

According to the results presented in Table 2, the
initial moisture content of the first sample obtained
at a mass ratio of AN: PMD = 100:0.5 is 0.396%. The
moisture contents of the remaining samples are as
follows: the second sample—0.087%, the third—
0.214%, the fourth—0.208%, and the fifth—0.289%,
corresponding to mass ratios of AN: PMD = 100:1.0,
100:1.5, 100:2.0, and 100:3.0, respectively. For the
investigation of physicochemical and commercial
properties, samples Ne 1, No. 3, No. 4, and Ne. 5 were
selected.

First, a study was conducted to determine the
hygroscopic point (h) of the samples. For this
purpose, according to the procedure described in
[[15], [16]], the selected samples were kept in
desiccators at 25 °C for 4 hours. To artificially create
relative air humidities of 50, 60, 70, 85, and 100%,
sulfuric acid solutions of appropriate concentrations
were placed in the desiccators. After a 4-hour
exposure, the samples were weighed on analytical
balances with a division of no more than 0.1 mg (i.e.,
0.0001 g).

During the weighing procedure, it was found that
at a relative air humidity of 50% the samples lost
moisture, while at 60% they practically did not
absorb it. At higher relative air humidities of 70, 85,
and 100%, significant moisture uptake by the
samples was observed. Based on the analytical data,
the moisture absorption rate, Q, was calculated [18].
The resulting data were graphically presented in
Figure 1 as the dependence Q = f(h). The
mathematical relationships of the equations and the
correlation coefficient (R?) were processed using
Excel 2019. The figure shows that all samples have a
hygroscopic point above 50%. For the first sample, at
a relative air humidity of 50%, moisture is initially
released in the amount of —-0.0495 g, i.e., moisture is
absorbed at a rate of —-0.201 mg/(g-min). At a relative
air humidity of 60%, the product practically does not

absorb moisture (Q = 0). At relative air humidities of
70, 85, and 100%, the absorption rates are 1.635,
5.890, and 6.359 mg/(g-min), respectively, indicating
a high Q value for the latter two conditions. The
hygroscopic point of the first
determined to be 59.01%.

A similar pattern was observed for the other
samples of microelement-containing ammonium
nitrate (No. 3, No. 4, and No. 5). It was found that for
samples 3, 4, and 5, the moisture absorption rate Q
at a relative air humidity of 60% varies from -0.204
to 0.62, from -0.410 to 1.246, and from 0.206 to
1.235 mg/(g:min), respectively. These samples are
more hygroscopic, with determined hygroscopic
points of 56.50% (sample 3), 56.08% (sample 4), and
54.02% (sample 5). They also exhibit relatively high
moisture absorption rates Q of 1.860, 5.920, and
6.710; 2.052, 6.790, and 9.451; as well as 3.481,
6.954, and 9.906 mg/(g:min) at relative air
humidities of 70, 85, and 100%, respectively.

According to Pestov’s scale, a substance with a
hygroscopic point below 50% is classified as very
strongly hygroscopic; from 50 to 60% as strongly
hygroscopic; from 60 to 70% as hygroscopic; from 70
to 80% as weakly hygroscopic; from 80 to 85% as
non-hygroscopic; above 85% as
practically non-hygroscopic [[15], [16], [18]]. In this
case, the fertilizer samples belong to the group of
strongly hygroscopic substances.

sample was

almost and

The decrease in the hygroscopic point may
additionally indicate the formation of mixed nitrate
phases containing cobalt, manganese, nickel, and
lithium ions. However, the determined hygroscopic
points of the samples are relatively lower compared
with pure ammonium nitrate (62%), which can be
explained by the action of Raoult’s law. According to
this law, the total concentration of salts in a
saturated mixed solution is higher, and consequently
the vapor pressure of water is lower [18]. In addition,
physicochemical principles indicate that a mixture of
salts is more hygroscopic than its
components [19]. It is also inevitable that the
decrease in the hygroscopic point is closely
associated with the formation of cobalt, manganese,
nickel, and lithium nitrates and their crystalline
hydrates [[20], [21], [22], [23], [24]]. The latter are
more hygroscopic, and their formation intensifies
with an increase in the mass fraction of PMD relative
to ammonium nitrate (Table 2). Since moisture

individual
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absorption continues in the studied samples, it
became necessary to investigate the kinetics of
water vapor sorption in these materials. The
sorption generally
of diffusion-controlled processes
occurring in granular nitrogen fertilizers.

Therefore, it is expedient to study the kinetics of
water sorption by fertilizers over a prolonged period.
This, in turn, will provide a set of statistical and
kinetic data and allow an assessment of the process
rate. Consequently, it will be possible to determine
the hygroscopicity of the samples in more detail
based on the dependence of the sorption moisture
capacity of the samples on relative air humidity.

The latter will be established after completion of
the kinetic studies. Granules with a diameter of 2-3
mm were obtained by laboratory granulation
followed by thermal drying at 80—90 °C.

In this regard, the kinetics of water vapor
sorption by fertilizer granules of samples 1, 3, 4, and
5 with granule diameters of 2-3 mm were studied
under isothermal conditions at 25 °C and relative air
humidities of 60, 70, and 85% over a period of 30

observed behaviour is

characteristic
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days (Figs. 2-5). The numbering of the figures
corresponds to the fertilizer sample numbers listed
in Table 2.

As follows from the results, samples 1, 3, 4, and
5 undergo only minor changes in water vapor
sorption at a relative air humidity of 60%. For
example, sample 1 does not absorb moisture
throughout the entire study period but, on the
contrary, loses it from 0.1482 to 0.099%. Sample 3
absorbs only a small amount of moisture, from
0.0498 to 0.1987%, but by the end of the 30th day it
instead releases moisture down to -0.397%. Sample
4, with an initial moisture content of 0.214%,
absorbs moisture during the first day of testing from
0.2990 to 0.2990%, after which it gradually releases
it down to -0.2505%.

As for sample 5, moisture absorption occurs with
anincrease in moisture content from the initial 0.289
to 0.293%. As can be seen, the granules of all
fertilizer samples maintain equilibrium, remain dry,
retain their initial moisture content, and exhibit
100% free-flowing properties.

8
g7 e y= 0.1651x + 15.541
E 6 e R=0.9332
<5 :
2
g 4
g
g3 -
g1 ¥
£1 -
20
% 150 55 60 65 70 75 80 85 90 95 100

2

Relative humidity, %
2)
12

y =-0.2181x + 20.932
R?=10.9987

ot
=]
&

Absorbtion rate, mg/(g-min)
[}

60 65 70 75 80 85 90 95 100
Relative humidity, %

0 55

h

4)

Figure 1 - Dependence of the moisture absorption rate (Q) on relative air humidity (h)
for samples of microelement-containing ammonium nitrate (samples 1, 3, 4, and 5)
obtained at the following AN: PMD mass ratios: (1) 100:0.5; (2) 100:1.5; (3) 100:2.0; and (4) 100:3.0
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Figure 2 - Kinetics of water vapor sorption for sample 1 obtained at an AN: PMD mass ratio of
100:0.5 under relative air humidities of: (1) 60%, (2) 70%, and (3) 85%
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Figure 3 - Kinetics of water vapor sorption for sample 3 obtained at an AN:PMD mass ratio of
100:1.5 under relative air humidities of: (1) 60%, (2) 70%, and (3) 85%
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Figure 4 - Kinetics of water vapor sorption for sample 4 obtained at an AN: PMD mass ratio of
100:2.0 under relative air humidities of: (1) 60%, (2) 70%, and (3) 85%
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Figure 5 - Kinetics of water vapor sorption for sample 5 obtained at an AN: PMD mass ratio of
100:3.0 under relative air humidities of: (1) 60%, (2) 70%, and (3) 85%.
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Figure 6 - Dependence of the sorption moisture capacity of fertilizer samples (a)
Ne. 1, No. 3, Ne. 4, and Ne. 5 on relative air humidity

At the other relative air humidities of 70 and
85%, equilibrium is not established for all the
investigated fertilizer samples throughout the entire
test period. At a relative air humidity of 70%, samples
1, 3, and 4 absorb moisture in amounts of 0.8789,
1.1840, and 1.2708%, respectively, over 16 hours
while retaining their free-flowing properties and
sieve ability. However, sample 5 begins to cake at
this time, absorbing 1.7510% moisture. A similar
phenomenon is observed for samples 1, 3, and 4
already on the second day of testing, with absorbed
moisture contents of 1.7900, 2.1973, and 2.5567%,
respectively, whereas the granules of sample 5, after
absorbing 2.9313% moisture, become immobile and
lose their ability to be sieved. An analogous state for
samples 1, 3, and 4 is observed on the fourth day of
testing, when their moisture contents reach 3.1950,
3.0963, and 4.0836%, respectively.

After 7 days, the granules of sample 5 absorb
moisture up to 6.3080% and begin to wet, forming
water droplets on the walls of the weighing bottle.
With moisture uptake of 5.1402, 5.3850, and
6.2645%, the granules of samples Ne. 1, 3, and 4,

respectively, begin to wet after 9 days of testing. At
this stage, all granules adhere to each other and start
to lose their original shape.

Only after 20 days do the granules of all samples
1, 3, 4, and 5, having sorbed moisture up to 10.1372,
10.8986, 11.7133, and 12.1357%, respectively, begin
to disintegrate and flow.

For the investigated fertilizer samples at a
relative air humidity of 85%, the processes of caking,
wetting, and complete melting occur over a much
shorter test period. When the total moisture uptake
of samples Ne. 1, No. 3, Ne. 4, and Ne. 5 reaches
2.8183, 2.9383, 3.3429, and 3.5012%, respectively,
they begin to cake and adhere to each other after 8
hours. After 4 days, samples Ne. 1, Ne. 3, Ne. 4, and
Noe. 5 absorb 17.0469, 17.0441, 17.7570, and
17.6422% moisture, respectively, at which point they
disintegrate and spread, forming a barely noticeable
layer of solution above the granules.

Subsequently, a study was carried out to
determine the sorption moisture capacity, obtained
from the results of maximum moisture uptake at the
end of the test period (30 days). The data are
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presented in Figure 6 (the numbering of the curves
in the figure corresponds to the sample numbering
in Table 2). The mathematical relationships of the
equations and the correlation coefficient (R?) were
processed using Excel 2019.

The research results show that the sorption
moisture capacity curves for fertilizer granule
samples No. 1, Ne. 3, Ne. 4, and Ne. 5 at a relative air
humidity of 60% naturally indicate no moisture
absorption, and the samples fully retain their
appearance and free-flowing properties.

At a relative air humidity of 70%, fertilizer
granule samples No. 1, No. 3, Ne. 4, and Neo. 5 sorb
moisture in amounts of 14.7059, 15.7693, 16.6323,
and 17.0431%, respectively. At a relative air humidity
of 85%, the moisture uptake of all fertilizer granule
samples is almost the same and amounts to 52.8857,
52.6439, 52.9849, and 52.7921% for samples No. 1,
Ne. 3, Neo. 4, and Ne. 5, respectively. This indicates
that, upon absorbing such amounts of moisture, the
fertilizer granules reach dynamic equilibrium.
Naturally, at this moisture content, the granules
spread and transition into a liquid state by the 30th
day of testing.

According to the definition, the hygroscopic
point corresponds to the relative air humidity at
which a substance neither becomes wetted nor dries
out. In the present case, sample Ne. 1 has a
hygroscopic point of 63.14%, sample Ne. 3—61.49%,
sample No. 4—61.23%, and sample Ne. 5—60.97%.
These values are 1.07, 1.08, 1.09, and 1.13 times
higher, respectively, than the hygroscopic points
determined after 4 hours of exposure (No. 1—
59.01%; Ne. 3—56.50%; Ne. 4—56.08%; and Ne. 5—
54.02%). This circumstance is explained by the fact
that sorption in the fertilizer granule samples did not
reach its maximum level under the shorter exposure
conditions.

No signs of spontaneous decomposition or
thermal instability of the investigated fertilizer
samples were visually observed during laboratory
storage.

Considering climatic characteristics, relative air
humidity in Uzbekistan is characterized by an
average monthly minimum of 46% and an average
monthly maximum of 74%, while the annual average
is about 60%. Therefore, the obtained products are
classified as hygroscopic materials and should be
packaged in polyethylene bags.

Further studies should include ecotoxicological
evaluation, thermal stability analysis, and field
agrochemical testing to assess the industrial
applicability of the developed fertilizers.

Conclusions

Thus, a detailed study was carried out to
determine the physicochemical and commercial
properties (hygroscopic point, sorption kinetics, and
sorption moisture capacity) of microelement-
containing nitrogen fertilizers based on ammonium
nitrate melt and cathode powder. The results show
that the presence of microelement-containing
components in the fertilizer granules leads to a
decrease in the hygroscopic point and to a high rate
of moisture absorption. The obtained data were
experimentally confirmed by establishing the
dependence of changes in sorption kinetics on
exposure time (days) and by determining the
relationship between sorption moisture capacity and
relative air humidity. It was found that all granule
samples studied at a relative air humidity of 60% do
not become wetted but, on the contrary, tend to dry.

It was also revealed that the discrepancy
between the hygroscopic points of the granule
samples studied over 30 days (or 720 hours) is
greater than that observed after a 4-hour exposure.
Fertilizers with a hygroscopicity range of 60—70% are
classified as hygroscopic substances, which
necessitates their packaging in polyethylene bags for
transportation and storage.
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AMMOHUI HUTPATbl MEH NAAaNAHbINFAH INTUI-MOHADBI baTapeanap
Heri3iHAeri MMKpo3anemeHTTepMmeH 6aibITbIIFaH a30TTbl ThIHAWTKbILUTbIH,
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TYWIHAEME

AMMOHUI HUTpaTbl (AH) 6ankbimacbl MeH naiganaHbliFaH AUTUA-UOHABI BaTapeanapAabiH
KaTOATbIK  YHTafbl  HerisiHge anblHFAaH  MWUKpPO3/NEeMeHTTepMeH  BailbiTbinfFaH  a3oTThl
TbIHANTKBILWTAPAbIH, GU3NKA-XUMUANBIK KSHE Tayap/iblK KAacMeTTepiH (TMrpoCKONUANbIK HYKTe,
copbUMA KMHETUKACbl, COPOUMANBIK blAFan CbIMbIMAbINbIFLI) KeweHai 3epTrey HaTuxkenepi
Makana kenai: 26 Kaymap 2026 KenTipinreH. KaToATbIK YHTaKTbl MNOAMMMKpPO3aNemeHTTi Kocna (MMA) peTiHge naniganany
CapanTamagaH eTTi: 5 akan 2026 MYMKIiHAir  KepceTinin, on cenutpa 6ankbimacbiHa AH:NMMA = 100:(0,5-3,0) maccanbik
Kabbinganabl: 4 mameis 2026 KaTblHACTapblHAA eHrisingi. MpaHyna enwemi 2—-3 mm 60naTbiH AalblH TbIHAWTKbIW YArinepi
TMIPOCKOMNMUANDBIK, HYKTEHI, COPOLMA KMHETUKACBIH KaHe COPOUMANDBIK biNFan CblbIMAbINbIFbIH
aHbIKTAY YLWiH ayaHblH, Ca/biCTbipManbl biaFangpinbiFbl 60; 70; 85 kaHe 100% rKafpalibliHOA
3epTTendi. AyaHblH, CanbiCTbipManbl biAFanabinbifbl 60% 6GonFaHaa TbIHAUTKbIW  yAarinepi
binFangaHbai, KepiciHwe, KebeTiHi ganenaeHai. 4 caFaTTblK 3KCMO3ULMA HaTUKenepi 6oMbiHWa
TbIHAWTKbILW FPaHY1aNaPbIHbIH, TMIPOCKONUANDIK HYKTeci 50—60% apanblfblHAA EKEHI }KOHE ayaHblH,
canbicTbipManbl binFangpinbiebl 70, 85 koHe 100% 6onfaHOa biAFangbl CiHipy KbiNgamablfbl
TuiciHwe 1,860; 5,920 »kaHe 6,710; 2,052; 6,790 kaHe 9,451, coHaal-ak 3,481; 6,954 kaHe 9,906
Mr/(r-MuH) MaHAEpiHe XKeTeTiHi aHbIKTanAbl. 3epTTe/IreH eHiM rpaHynanapbiHaa copbuma npoueci
30 Taynikke (Hemece 720 cafaTKa) AeliH }KanfacaTblHAbIKTAH, ONapAblH, TMIPOCKONUANbIK HYKTECH
60-70% apanbifblHAA 60/bIN, TMIPOCKOMUANBIK 3aTTapfa *KaTaTblHbl KepceTingi. 3epTtrenreH
TbIHAWTKBILUTAPAbIH KacueTTepiHe 6ainaHbICTbl ONapAapliH, blIFa CbIbIMAbIbIFbI TOMEH €KeHi, an
du3MKanbIK KacueTTepiHiH, KypT Hawapnaybl WamameH 2% biAfangbliblK — AeHreriHae
6acTanatbiHbl aHbIKTanApl. AnblHFAH TbIHAWTKBILWLTAP ©3 cunaTTamanapbl 6oibiHWwa 6enrini
TbIHAWTKBILWTApAAH Kem Tycnenai. ¥3aK KalWbIKTbIKKA TacbiMangay aHe CakTay YLWiH AaibiH
OHIMAji NoNN3TUNEH KanTapfa opay 6olbIHWA YCbiHbIMAAp beping,.

TyiiiH ce30ep: aMMOHMWI HWUTPaTbl, 6aNKbIMa, MUKPO3EMEHT, TMIPOCKONUANDIK KAaCKeT, CiHipy
KbIIAAMAbIFbI, COPOLMA KUHETUKACHI, bIIFAA CbIAbIMABINbIFbI.
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a30THOro yA06peHna Ha OCHOBE HUTPATA aMMOHMUA U OTPabOTaHHbIX

NUTUN-UOHHDbIX 6aTapen
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MNoctynuna: 26 aHeapsa 2026
PeueHsupoBaHue: 5 gpespans 2026
MpuHAaTa B Nneyatb: 4 as2zycma 2026

AHHOTAUMUA
MpuBeaeHbl pe3y/ibTaTbl KOMMNAEKCHOTO UCCe0BaHNA GUIMKO-XMMUYECKMX U TOBAPHbIX CBOMCTB

(rurpockonuueckas TOuKa, KUHETUKA copbuuu, copbumoHHas B/1ar0eMKOCTb)
MUKPO3/IEMEHTCOAEPKALLMX a30THbIX YyA0BPEHNIn Ha OCHOBe MJsaBa HUTpaTa ammoHusa (HA) u
KaTOZHOro MOPOLUKA OT WMCMO/b30BaHHbIX UTUIA-MOHOBbLIX BaTapeli. loKkasaHO ucnosib3oBaHWe
KaTOAHOrO MOPOLUKA B KAYeCTBE NOJMMUKPO3INEMEHTHOM A06aBku (MMA), v OHM Bbinn BHECEHDI
B N/1aB CENUTPbI MPU Pa3ANYHbIX MAcCOBbIX COOTHoweHuax HA: MM/ ot 100 (0,5-3,0). UcnbiTaHbl
noJslyyeHHble roToBble 06pasubl yaobpeHUit ¢ pasmepom rpaHyn 2-3 mm Ana onpeaeneHvs
TMrPOCKOMNYECKOM TOUKM, KUHETUKM COPOLMMN N COPOLMOHHOMN BAaroeMKOCTU NMPY OTHOCUTENbHbIX
B/IAYKHOCTAX Bo3ayxa 60; 70, 85 n 100%. M3yyeHbl uccneayembie obpasupl yaobpeHuin npu
OTHOCWTE/IbHOI BNAXHOCTUN BO3ayXxa 60%, U flOKa3aHO, YTO MPU TaKOM OTHOCMTENbHOW BAAXKHOCTU
ob6pasubl He yBNAXKHAOTCA, @ HAaobopoT noacbixatoT. MNpuBeaeHbl pesynbTaTbl UCCNEA0BAHUA
06pasLoB Npu 4-x YaCOBOW BbISEPIKKM M YCTAHOB/IEHO, YTO MPaHy bl YA06PEHUA UMEIOT HU3KYLO
rMrPOCKOMMYECKYHO TOUKY OT 50 4,0 60% 1 BbICOKYHO CKOPOCTb NOT/I0WeHus Bnarv B nopagke 1,860;
5,920 1 6,710; 2,052; 6,790 1 9,451, a Takxe 3,481; 6,954 1 9,906 Mr/(r MMH) NPU OTHOCUTENBHOA
B/Ia’KHOCTM Bo3ayxa 70, 85 un 100% cooTBeTcTBEHHO. B cBA3M C Tem, 4TO npouecc copbunm
uccneayemblx rpaHyn npoayktos npogoskaetca Ao 30 cyTok (Mam 720 YacoB), OHM UMeloT
rMrpPOCKONMYECcKyto TOUKyY OT 60 A0 70%, OTHOCALLYHOCA K TMrPOCKONMYeCcKUm BelectBam. CaenaHbl
COOTBETCTBYIOLME BbIBOABI, 6aarogapsa CBOWCTBAM Mccaegyemblx yaobpeHuit oHu obnapatot
HU3KOI BJIaroemKOCTblo, @ UX GU3NYECKMe CBOMCTBA HAUMHAIOT PE3KO YXYALWATbCA TONbKO Mpu
coaepKaHumn Bnarn okono 2%. MonyyeHHble ya06peHna No CBOMM XapaKTepuUCTUKaM He ycTynatoT
M3BECTHbIM yaobpeHuam. MpuseaeHbl pPeKOMeHAAuMM MO yrnaKoBKE rOTOBOrO MNpPOAyKTa B
NOIM3TUNEHOBbIE MELLKM AN XPaHEHWUA U NepeBOo3KM Ha AasibHWUEe PAaCcCTOAHUA.
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