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ABSTRACT

In this work, the catalytic effect of copper (I) iodide (Cul) synthesized by a mechanochemical
method on the thermal decomposition of ammonium nitrate (NH,NO;) was studied. Cul
was obtained by ball milling CuSO,-5H,0 and KI at 300-400 rpm for 60-120 min. The
results of X-ray phase analysis showed that Cul, with high phase purity, formed after
120 min of processing. The composite systems were prepared based on NH,NO; by adding
1, 3, and 5 wt.% Cul. DSC analysis was carried out in the temperature range of 25-500 °C
and at heating rates of 5-20 °C:min. While for pure ammonium nitrate the main thermal
decomposition was observed at ~282 °C, the appearance of a pronounced exothermic
peak at ~276 °C in the presence of Cul indicated an earlier reaction onset. In addition,
it was found that the deepening of the endothermic effect at ~300 °C is associated with
the intensive release of gaseous products. According to the results of kinetic analysis,
the activation energy for pure NH,NO; is in the range of 101.27-113.48 kJ-mol?, while
with the introduction of 5 wt.% Cul, this value decreases to 81.37-94.59 kJ-mol™. In
the second reaction stage, the activation energy decreases from 188.73 kJ-mol? to
159.71 kJ-mol™. The observed decrease in activation energy is consistent with a mechanism
reported in the literature involving Cu*/Cu? redox cycling and the possible formation of
reactive radicals. The results show that Cul synthesized by the mechanochemical method
significantly affects the thermal decomposition kinetics of ammonium nitrate, thereby
decreasing the reaction energy barrier and increasing the system’s overall reactivity.

1. Introduction

the reaction rate [6-10]. In this regard, special atten-
tion is paid to the effectiveness of transition-metal

Currently, the regulation of the thermal decom-
position mechanisms of oxidizers is considered
one of the most important scientific directions to
increase the efficiency of energy materials and py-
rotechnic compositions [1-3]. Among the oxidizers
widely used for this purpose, ammonium nitrate
holds a special place, as it has a high oxygen balance
and is relatively safe [4, 5]. Nevertheless, ammoni-
um nitrate has several disadvantages, in particular
its high hygroscopicity, insufficient thermal stability,
and the onset of decomposition at relatively high
temperatures. These factors limit the effectiveness
of this compound in energy systems to some extent.

In recent years, research has focused on using
various catalysts to reduce the thermal decomposi-
tion temperature of ammonium nitrate and increase

compounds. It has been found that copper-based
nanostructured materials, including oxides and fer-
rites, can reduce the decomposition temperature of
ammonium nitrate and reduce the activation ener-
gy [11-12]. In addition, it has been shown that the
formation of metal-nitrate-type intermediates, cat-
alyzed by a catalyst, affects the reaction mechanism
and increases the intensity of gaseous product for-
mation [13].

One of the compounds that has received special
attention in this direction is copper(l) iodide (Cul). Its
high electrical conductivity, stable crystal structure,
and the presence of active surface centers make this
compound a promising material for use in catalytic
processes [14-16]. In particular, the mechanochem-
ical preparation of Cul increases particle dispersion
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and enhances their reactivity. Mechanochemical
synthesis, which is carried out without a solvent or
with a small amount of solvent, is an energy-efficient
and environmentally safe method that has become
widespread in recent years [17]. Nevertheless, it
cannot be said that the effect of mechanochemical-
ly prepared Cul particles on the thermal decompo-
sition of ammonium nitrate has been fully studied.
In particular, systematic data on changes in the re-
action's kinetic parameters in the presence of Cul,
modifications to the decomposition mechanism, and
the formation of gaseous products remain insuffi-
cient [18-19].

Accordingly, the present study aims to synthe-
size Cul via a mechanochemical method, investigate
its structural and morphological characteristics, and
comprehensively evaluate its effect on the thermal
decomposition behavior of ammonium nitrate. The
findings of this study provide a scientific basis for im-
proving the performance of ammonium nitrate-based
energetic systems and for the rational design of new
catalytic additives. Previous studies have suggested
that copper-containing catalysts accelerate the ther-
mal decomposition of ammonium nitrate through
electron transfer via the Cu*/Cu?* redox cycle and the
formation of reactive intermediates. However, this
catalytic pathway has mainly been inferred from indi-
rect experimental observations and has not been suf-
ficiently verified for mechanochemically synthesized
Cul. Therefore, the present study focuses on evaluat-
ing the catalytic effect of Cul via thermal and kinetic
analyses, while the mechanistic interpretation is dis-
cussed based on prior literature.

2. Materials and methods
2.1. Initial materials

Chemical compounds with analytical purity 299%
were used as starting reagents in the study. Cop-
per(ll) sulfate pentahydrate (CuSO,-5H,0) was used
as a source of copper, and potassium iodide (KI) was
used as a source of iodide ions. Ammonium nitrate
(NH,NO;) was chosen as the oxidizing agent for ther-
mal studies. All reagents used were obtained from
commercial suppliers and used without further puri-
fication. Samples were stored in a dry environment
and protected from moisture until the start of the
experiment.

2.2. Mechanochemical Synthesis of Cul

Cul particles were synthesized by the mecha-
nochemical method in a planetary ball mill. Cu-

S0O,'5H,0 and Kl were used in a stoichiometric ra-
tio for the reaction. The mixture was placed in a
steel drum with steel balls with a diameter of 5-
10 mm and subjected to mechanical processing.
Synthesis parameters:
e rotation speed: 300-400 rpm
e processing time: 60-120 min
¢ ball/powder ratio: 10:1
As a result of the mechanochemical effect, a re-
dox-exchange reaction occurs, Cu* ions are reduced
to the Cu* state, and the Cul phase is formed. The
obtained powder was washed with water, dried in
vacuum, and used for further analysis

2.3. Structural and morphological analysis of mech-
anochemically synthesized Cul

Modern analytical methods were used to charac-
terize the structural and morphological properties
of Copper(l) iodide samples synthesized by mecha-
nochemical synthesis. To determine the phase com-
position and crystal structure, an X-ray diffractom-
eter (XRD) DW-XRD-27mini (CuKa radiation source)
was used. Based on the diffractograms obtained, the
sample's crystalline phases were identified, and its
structural features were evaluated. The morpholo-
gy and particle sizes of the samples were studied
using a scanning electron microscope (SEM), Ther-
mo Scientific Phenom XL G2 Desktop SEM. In ad-
dition, energy-dispersive X-ray spectroscopy (EDX)
was used to determine the elemental composition
and distribution. The results of the comprehensive
analysis enabled assessment of the structural integ-
rity, morphological features, and the consistency of
the elemental composition of the synthesized Cul
materials.

2.4. Preparation and thermal analysis of NH,NO;-
Cul composite mixtures

Model compositions based on ammonium nitrate
were prepared by mechanical mixing. NH,NO; was
used as the main oxidant, and mechanochemical-
ly synthesized Copper(l) iodide was added to it in
different amounts (1, 3, and 5 wt.%). The mixtures
were mixed until a uniform distribution of the com-
ponents was ensured on an agate plate, and then
stored in hermetic containers. The thermal proper-
ties of the prepared composite systems were stud-
ied by differential scanning calorimetry (DSC). The
analysis was carried out over the temperature range
of 25-500 °C at heating rates of 5, 10, 15, and 20 °C
min? in a nitrogen atmosphere. Based on the DSC
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curves obtained, the onset and maximum decompo-
sition temperatures, the nature of the exothermic
effects, and the reaction stages were determined.
To ensure the reproducibility of the experimental
results, all mechanochemical synthesis procedures,
DSC measurements, and kinetic analyses were per-
formed at least three times independently under
identical experimental conditions. The reported val-
ues correspond to the average of repeated measure-
ments, and good agreement across independent
experiments confirmed the reproducibility of the re-
sults. The experimental uncertainty in the measured
thermal parameters was estimated to be +2 °C, and
the relative experimental error did not exceed 5%.

2.5. Calculation of kinetic parameters

The Kissinger method was used to estimate the
thermal decomposition kinetics. The activation ener-
gy was calculated from the maximum temperatures
measured at different heating rates [20].

In[’Bz] ——Le | const (1)
T’ | RT,

P

where: B — heating rate; T, — exothermic peak tem-
perature; E, — activation energy; R — universal gas
constant.

The kinetic parameters obtained allow us to
guantitatively assess the effect of the Cul catalyst on
the decomposition of ammonium nitrate.

3. Results and Discussion

3.1. Structural and Morphological Characterization
of Cul

The structural and morphological characteristics
of Copper(l) iodide materials synthesized by mech-
anochemical methods are the primary determinants
of their physicochemical properties and catalytic
activity in energy systems. In particular, the phase
composition, degree of crystallinity, particle size dis-
tribution, and surface morphology directly affect the
material’s reactivity and the characteristics of its in-
teractions with oxidizing components.

It is known that the mechanochemical synthe-
sis process contributes to the formation of high-
ly dispersed particles and an increase in structural
defects, which, in turn, can enhance the material’s
surface activity [21]. In this regard, a comprehen-
sive study of the crystal structure and micromor-
phological features of the obtained Cul samples is
important for explaining their characteristics during

subsequent thermal processes. The phase composi-
tion of the synthesized material at different stages
of ball-mill synthesis of the CuSO,-5H,0 + Kl system
is shown in Fig. 1.

Figure 1 shows the X-ray phase composition of
the samples obtained as a result of mechanochem-
ical treatment of the CuSO,-5H,0 + Kl system for
different times. Although the formation of the Cul
phase as the main product was observed during
grinding for 60 min (a), the presence of additional
reflexes belonging to the K,SO, and KOl phases in
the diffractogram indicates that the reaction is not
completely completed and by-products are retained
in the system. This indicates that the interaction
between the solid phases is incomplete due to the
lack of mechanical action and that complex reaction
pathways occur, accompanied by partial oxidation of
iodide ions. When the grinding time is increased to
120 min, the reflexes of the Cul phase (b) become
clearly dominant, and the intensity of foreign phases
decreases significantly, which is explained by the in-
crease in mechanochemical activation, the increase
in the degree of particle crushing and the deeper
course of the reaction. However, the preservation
of weak traces of potassium-containing phases indi-
cates that their complete conversion is not ensured
solely by mechanical processing. In this regard, the
obtained powders were further purified by leaching
with water, since potassium salts are highly soluble
in water, whereas Cul is insoluble in water. The X-ray
phase analysis of the purified copper iodide is shown
in Fig. 2.

Figure 2 shows the X-ray phase composition of the
product purified by water leaching after mechano-
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Fig. 1. X-ray phase composition of products obtained from
the CuS0O,4-5H,0 + Kl system at different rotation times in a
ball mill: (a) 60 min; (b) 120 min.
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Fig. 2. XRD pattern of purified Cul after water washing.

chemical synthesis. The preservation of reflections
characteristic only of the Cul phase in the diffracto-
gram, and the complete disappearance of addition-
al potassium-containing phases such as KH(10;),,
K,SO,, and K;0l observed in previous samples, con-
firm the high efficiency of the purification process.
This is explained by the high solubility of potassium
salts in water and their ease of separation from the
solid phase, whereas the insolubility of Cul allows its
structure to be preserved. In addition, the high in-

opsiey

tensity and clarity of the diffraction peaks indicate
that the material is well-crystallized and that the
structure formed during mechanochemical treat-
ment is not destroyed. The results show that com-
bining mechanochemical synthesis with subsequent
water leaching is an effective method for obtaining
Cul with high phase purity from the CuSO,-5H,0 + Kl
system.

Figure 3 shows the morphological and elemental
characteristics of Cul samples obtained by the mech-
anochemical method in the CuSO,-5H,0 + Kl system.
SEM analysis allows us to determine the particle
structure and changes during processing, while EDX
analysis allows us to assess the compositional purity
of the product obtained from the synthesis.

Figure 3 presents the morphological and elemen-
tal characteristics of Cul samples synthesized by the
mechanochemical method in the CuSO,-5H,0 + Kl
system. The obtained SEM micrographs (3a) show
that the initial product is finely dispersed, consist-
ing of particles of various sizes, agglomerated and
has a rough surface structure, which is explained by
the simultaneous processes of particle crushing and
re-aggregation under the influence of high-energy
impacts during mechanochemical treatment. In the
sample after water treatment (3b), the morphology
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Fig. 3. Micromorphology and elemental composition of Cul samples obtained by mechanochemical synthesis in the Cu-
S0O,5H,0 + KI system: (a) synthesized Cul; (b) water-purified Cul; (c) EDX spectrum.
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of the particles is somewhat clarified, the disinte-
gration of large agglomerates and the formation of
a relatively homogeneous structure are observed,
which is associated with the removal of side reac-
tion products (e.g., soluble salts). In addition, after
surface cleaning, the particle shape becomes clearly
visible, and porosity increases. The EDX spectrum
(3c) confirms the presence of Cu and | as the main
elements, which proves the formation of the Cul
phase. The absence of pronounced peaks of foreign
elements in the spectrum indicates that the synthe-
sis was carried out with relatively high purity. Over-
all, the results indicate that the mechanochemical
method is effective for synthesizing Cul, and that
the subsequent water treatment stage plays an im-
portant role in increasing the structural homogene-
ity and purity of the product.

3.2. Thermal decomposition behavior and thermok-
inetic analysis of ammonium nitrate-Cul composi-
tions

This section comprehensively considers the fea-
tures of thermal decomposition of ammonium ni-
trate-based systems in the presence of Cul and their
kinetic characteristics. The aim is to determine the
effect of Cul addition on the thermal stability of Am-
monium Nitrate (AN), decomposition stages and re-
action rate. In this regard, the thermal characteristics
of the systems were evaluated by DSC analysis, and
the temperature parameters of the main exothermic
and endothermic processes (Tonsetr Tmaxs Tofiset) WEIE
determined. In addition, based on the experimental
data obtained, the reaction kinetics were analyzed
and the laws of the decomposition process at differ-
ent heating rates (B) were studied. The features of
thermal decomposition of ammonium nitrate-based
systems in the presence of Cul are shown in Fig. 4.

Figure 4 shows the typical DSC curves for the
AN and AN—-Cul systems, illustrating their thermal
behavior. The endothermic peaks observed in the
low-temperature region (~56 °C and ~131 °C) are as-
sociated with polymorphic phase transitions in am-
monium nitrate. These transitions result from the
rearrangement of the crystal lattice without chang-
ing the chemical composition. These transforma-
tions are expressed as follows [3] (1):

NH,NO,(IV) = NH,NOs(I11) = NH,NOs(1l) = NH,NOs(I) (1)
Therefore, these processes are considered as

structural changes accompanied by heat absorption.
In the presence of Cul, a slight change in peak tem-

6:E — Pure AN
5 — AN + Cul

Heat Flow (mw)

50 100 150 200 250 300 350 400 450
Temperature (°C)

Fig. 4. DSC curves of pure AN and AN—Cul compositions.

perature and intensity indicates that the mixture’s
crystal lattice stability is affected to some extent. The
endothermic effect observed at ~168 °C is associated
with the melting of ammonium nitrate [3]:

NH,NO; (s) - NH,NOs(I) (2)

At this stage, the substance transitions from sol-
id to liquid, and the prerequisites for further ther-
mal decomposition of the system are established.
In the high temperature region (~250-300 °C), the
main thermal decomposition processes of AN occur.
In the first stage, ammonium nitrate can dissociate
into ammonia and nitric acid [5]:

NH,NO; = NH; + HNO; (3)
Then the main decomposition reaction occurs [5]:
NH,NO; - N,O + 2H,0 (4)

For pure AN, this phenomenon manifests itself
as an endothermic effect observed around ~282 °C
and is also accompanied by the release of gaseous
products.

In the AN—Cul system, the thermal characteristics
change significantly. In particular, the appearance of a
pronounced exothermic peak in the region of ~276 °C
indicates the catalytic effect of Cul. Based on previous
literature, the catalytic effect of Cul may be attribut-
ed to electron transfer via the Cu*/Cu?" redox couple,
which could facilitate the formation of reactive inter-
mediates during ammonium nitrate decomposition.
Although this mechanism is consistent with the ob-
served decrease in decomposition temperature and
activation energy, it has not been directly verified in
the present work and should therefore be regarded
as a proposed reaction pathway. A possible catalyt-
ic pathway proposed in previous studies can be de-
scribed as follows [22]:
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Cut* > Cu*+e” (5)

According to Xu et al. [11], Cu-containing cata-
lysts promote the homolytic decomposition of ni-
tric acid, leading to the formation of NO,-containing
radical intermediates. The exact radical generation
pathway was not directly investigated in the pres-
ent work and is therefore discussed only as a litera-
ture-supported mechanism.

NH, + OH* - NH,’ + H,0 (6)

The formation of reactive intermediates such as
NH,*, O°, and OH" has been proposed in previous
studies as a possible consequence of Cu*/Cu?-me-
diated electron transfer. This proposed mechanism
is consistent with the experimentally observed de-
crease in decomposition temperature and activation
energy. However, the formation of these radical spe-
cies was not directly verified in the present study.
In addition, the deep endothermic peak observed in
the region of ~300 °C is clearly enhanced in the AN-
Cul system. This phenomenon is associated with an
increase in the intensity of the main decomposition
reaction and the rapid release of gaseous products.
The deepening of the endothermic effect indicates
an increase in mass transfer and gas evolution in
the system. The results suggest that the Cul additive
modifies the thermal decomposition behavior of

ammonium nitrate. The decrease in the reaction on-
set temperature and activation energy is consistent
with the proposed catalytic mechanism, although
the formation of intermediate reactive species was
not directly verified in this study. It should be em-
phasized that the present study provides indirect ev-
idence for the catalytic action of Cul, based solely on
DSC measurements and kinetic analysis. No in situ
spectroscopic, electron paramagnetic resonance
(EPR), X-ray photoelectron spectroscopy (XPS), or
other direct techniques were employed to verify the
Cu*/Cu? redox cycle or the formation of radical in-
termediates during ammonium nitrate decomposi-
tion. Therefore, the proposed catalytic mechanism
should be regarded as a literature-supported inter-
pretation rather than an experimentally confirmed
reaction pathway.

The Kissinger and Ozawa-Flynn—Wall methods
were used to estimate the kinetic parameters. The
main focus of the analysis was on how the activation
energy (E,) changes. Based on this, it was possible
to characterize the catalytic effect of Cul and assess
its impact on the reaction. The temperature parame-
ters (Tonsets Tmaxs Toftset) OF the AN and AN—Cul systems
at different DSC heating rates are given in Table 1.

The DSC results shown in Table 1 show the de-
pendence of the thermal decomposition parame-
ters of the AN and AN-Cul systems on the heating

Table 1. Thermal parameters of the DSC curves of pure AN and AN—Cul compositions at different heating rates

Thermal Decomposition

Sample ra[?cleflj(e:?r:ql?ngl) 1t Step 2" Step
Tonset Toftset Trax Tonset Toftet Trnax
5 2254 276.3 267.3 - - -
10 238.1 294.1 277.2 - - -
Pure AN
15 239.5 307.9 288.5 - - -
20 250.3 315.5 296.3 - - -
5 222.9 259.3 235.5 263.2 286.5 281.1
AN with 1 10 239.1 262.8 246.3 269.9 298.4 292.3
wt.% Cul 15 247.4 268.1 254.7 271.5 299.4 296.1
20 248.0 268.7 263.1 272.8 305.2 297.7
5 243.5 278.2 262.8 287.8 313.7 298.2
AN with 3 10 257.4 287.9 273.3 278.9 317.1 306.3
wt.% Cul 15 260.4 290.6 284.7 294.1 322.2 313.6
20 273.8 293.2 292.8 297.8 324.7 318.2
5 213.6 242.1 231.8 243.6 275.3 301.1
AN with 5 10 219.8 247.8 242.4 248.3 293.5 315.7
wt.% Cul 15 235.7 265.6 251.9 265.7 298.3 319.4
20 246.7 270.7 263.1 271.6 298.6 322.1
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Fig. 6. Kissinger (a) and Ozawa (b) plots of an AN-Cul composite systems.

rate. Using these temperature results, kinetic pa-
rameters were determined based on the Kissinger
and Ozawa-Flynn-Wall methods.

In order to determine the kinetic characteristics
of the studied systems, the In(B/T?) — 1/T and In(pB)
—1/T dependences were constructed, and Kissinger
and Ozawa plots were obtained, respectively (Figs.
5-6). Based on the slope angles of the obtained lin-
ear dependences, the activation energy values were
calculated and compared with the value of the ini-
tial ammonium nitrate.

The activation energy of the system was calculat-
ed using various methods using graphs based on the
In(B/T?) — 1/T and In(B) — 1/T dependences, and the
relative values are given in Table 2.

The results presented in Table 2 show a clear
change in the kinetic parameters of the systems
based on ammonium nitrate and Cul. According to
the data in the table, the activation energy for pure
AN is relatively high, indicating its high thermal sta-

bility. When Cul is introduced, a gradual decrease in
the E, values is observed in the first stage, especially
at 5 wt.% Cul. This proves that the catalyst reduces
the energy barrier in the initial stage of the reac-
tion and facilitates decomposition. A similar trend
is observed in the second stage: with an increase
in the Cul content, the activation energy decreases,
but its values remain higher than in the first stage.
This indicates that the subsequent reactions in the
multi-stage decomposition mechanism are more
complex. The obtained data show that the Cul cat-
alyst effectively changes the kinetics of the thermal
decomposition of ammonium nitrate, reduces the
energy barrier of the reaction and increases the re-
activity of the system.

4. Conclusion

The study found that copper(l) iodide synthesized
by the mechanochemical method exhibits a pro-
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Table 2. Relative E, values of composites calculated by different methods

1t Step 2 Step
Composite mixture - E/(ki'mol?) R? E./(kJmol?) ., E/(ki'mol?) R? E./(kJ'mol?) R
Kissinger’s Method Ozawa’s Method Kissinger’s Method Ozawa’s Method
Pure AN 101.27 0.96 113.48 0.97 - - - -
AN with 1 wt.% Cul 96.49 0.97 108.96 0.98 188.73 0.95 196.63 0.96
AN with 3 wt.% Cul 96.13 0.96 108.59 0.97 173.86 0.98 182.55 0.99
AN with 5 wt.% Cul 81.37 0.94 94.59 0.96 159.71 0.94 169.1 0.95

nounced catalytic effect on the thermal decomposi-
tion of ammonium nitrate. The Cul samples obtained
by processing in the CuSO,-5H,0 and Kl system at 400
rpm for 120 min exhibited high dispersion and phase
purity. The results of X-ray phase analysis confirmed
the complete elimination of foreign phases and the
formation of a pure Cul structure. According to DSC
analysis, the main decomposition process for pure
NH,NO; was observed at ~282 °C, whereas in systems
with Cul (~1-5 wt.%), a pronounced exothermic peak
at ~276 °C indicated that the reaction began earlier.
In addition, it was found that the endothermic effect
at ~300 °C is associated with the intensive release of
gaseous products and an increase in the process in-
tensity. These results indicate that the Cul catalyst al-
ters the thermal decomposition mechanism, shifting
the process to a multi-step, highly reactive regime.
The results of the kinetic analysis showed that the
introduction of Cul significantly decreases the activa-
tion energy. In particular, while the activation ener-
gy of the first stage for pure NH,NO; is in the range
of 101.27-113.48 kJ-mol?, in the presence of 5 wt.%
Cul this value decreases to 81.37-94.59 kJ-mol™. In
the second stage, a decrease was observed, respec-
tively, from 188.73 kJ-mol? to 159.71 kJ-mol?. The
observed decrease in activation energy is consistent
with the catalytic mechanism proposed in the liter-
ature, involving Cu*/Cu? redox cycling and the pos-
sible formation of reactive radical species. However,
this interpretation is based on indirect experimental
evidence, and the proposed reaction mechanism was
not directly verified in the present study. Thus, mech-
anochemically synthesized Cul is an effective catalyt-
ic additive for ammonium nitrate-based systems. It
reduces the energy barrier of the reaction, reduces
the decomposition temperature, and increases the
overall reactivity of the system. The results obtained
can serve as a scientific basis for the design of new
catalytic systems to increase the efficiency of ener-
getic materials and pyrotechnic compositions. Future
studies employing in situ spectroscopic techniques
and radical detection methods are required to direct-

ly verify the proposed Cu*/Cu? redox mechanism and
the formation of reactive intermediates during the
thermal decomposition of ammonium nitrate in the
presence of mechanochemically synthesized Cul.
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BanaHne mexaHOXMMUUYECKM CUHTe3UpoBaHHOro Cul Ha KUHETUKY TepMUUYECKOro pPas/ioXKeHUA HUTpaTa
aMMOHUA

N. Mycanuposa'?, . Mykranbi®, A. batkan?, K. KamyHyp*?**

'KasaxcKuii HauMoHanbHbIM yHUBEpCUTET UM. anb-Papabu, np. anb-Papabu, 71, AnmaTsl, KazaxcTtaH
2MHCTUTYT Npobnem ropeHus, ya. borenbaii 6aTbipa, 172, Aamarsl, KasaxctaH

AHHOTALUMA

B pgaHHOM paboTe wuccnenoBaHO KaTanuTuyeckoe BausHue Mogmaa meau(l) (Cul), cuHTe3MpoBaHHOro
MEXaHOXMMMUYECKMM MEeTOAO0M, Ha TepMUYeckoe pasnoxeHue HuTpata ammoHms (NH,NO;). Cul nonyyanu
nytem waposoro nomosa CuSO,-5H,0 u Kl npu ckopoctn 300-400 06/muH B TedeHune 60-120 mMuH. Pe3ynbTathbl
peHTreHoda3oBOro aHanMsa nokasanu, 4yto nocne 120 muH obpaboTkn bopmupyetca Cul ¢ Bbicokol dasoBoi
yuctotoii. KoMNo3nuUMoHHbIE cucTeMbl roToBuanM Ha ocHoBe NH,NO; c nobasnenHnem 1, 3 n 5 mac.% Cul. DSC-
aHaAn3 NpoBoAMAM B TemnepaTypHOM amanasoHe 25-500 °C npwu ckopocTtax Harpesa 5-20 °C-mun?. Ecan ana
YMCTOro HMUTPaATa aMMOHMS OCHOBHOE TEPMMUYECKOE pa3noxKeHne Habaganocb B o6nactn ~282 °C, To nossieHue
BbIPAYKEHHOr0 3K30TEPMMYECKOrO NMKa Npu ~276 °C B npucytcTemm Cul cengetenbctesyet o bosee paHHeM Hayane
peakumn. Kpome Toro, yCTaHOBAEHO, YTO yraybaeHue sHgoTepMmuyeckoro apdpekta B obnactn ~300 °C cBA3aHO €
WHTEHCUBHbIM BblAe/leHUEM ra3006pasHbix NpoayKToB. CornacHo pesynbTaTaM KMHETMUYECKOro aHanu3a, SHeprus
akTuBaumm gna ymctoro NH,NO; coctasndaet 101,27-113,48 kK-monbt, Torga Kak npu sBeaeHumn 5 mac.% Cul oHa
CHU»KaeTca ao 81,37-94,59 k-monbl. Ha BTOpOW cTaguMm peaKkumum sHeprus akTMBauuUmM ymeHbluaeTcs ¢ 188,73
00 159,71 kAx-monbt. Habnogaemoe CHUMKEHUE SHEePrMK aKTUBALLMKM COTNacyeTca C MeXaHU3MOM, ONUCAaHHbIM B
NiuTepaType, KOTOPbIA BKAKOYAET OKUC/INTENbHO-BOCCTaHOBMUTENbHbIN UMKA Cu*/Cu? 1 Bo3moXKHOe obpasosaHue
peakuMOHHOCNOCObHbIX paauKanos. [losyvyeHHble pe3yabTaTbl MNOKasbiBatoT, 4TO Cul, CMHTE3MPOBAHHbIN
MEXaHOXMMMUYECKMM METOLOM, OKa3blBaeT CyLLeCTBEHHOE BAMAHWE HAa KUHETUKY TEPMUYECKOro Pas/ioxKeHusA
HUTPATA aMMOHMA, CHUXKAA SHEpreTUYEeCKUin Gapbep peakuum M Mnosbilwaa ObLLYI0 PeakUMOHHYK CMnocObHOCTb
cUCTEMDI.

KntoueBble cnoBa: mexaHOXMMUYECKUI cuHTe3, Moguna mean(l)(Cul), Tepmuyeckoe pasnokeHune, KaTaAUTUYECKUIA
addeKT, aHeprua akTMBaLUK
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MexaHoxumuanbik cuHtesgenreH Cul-gblH aMMOHUIA HUTPATbIHbIH, TEPMUANDLIK biAblpay KMHETUKACbIHA
acepi

N. Mycanuposa®?, [I. Mykranbi, A. batkan®, K. KamyHyp'?*

'on-dapabu at. Kasak ynTTbIK yHUMBepcuTeTi, an-dPapabu gaH., 71, Aamatbl, KasakctaH
2¥aHy npobnemanapbl MHCTUTYTbI, BereHbai 6atbip K., 172, Anmatbl, KasakcTaH

AHOATNA

By }KYMbICTa MeXaHOXMMUANBIK a4icneH cuHTesaenreH mbic(l) mogmaiHid (Cul) ammoHuin HUTpaTbiHbIH, (NH,NO;)
TEPMUANBIK blablpayblHa TUT3eTiH KaTaMTUKaAbIK acepi 3epTTeni. Cul CuSO,-5H,0 meH Kl KocnacbiH 300-400 aiiH/MUH
*KblngamabikTa 60-120 MuH 60Mbl Wapabl AMipMeEHAE 6HAEY apKblbl anbiHAbl. PeHTreHdasanblk Tangay HaTuxenepi
eHaeyAaiH 120 MUH KeniH Xofapbl dpasanblk TasanbikTasbl Cul Ty3ineTiHiH KepceTTi. Komnosnymansik xyienep NH,NO,
HerisiHge AarblHaanbin, ofaH 1, 3 xaHe 5 macc.% Cul kocbingbl. DSC Tanaaysl 25-500 °C TemnepaTypa apanblfbliHAA
oHe 5-20 °C-MuHT KbI3Ablpy KblIAAaMAbIKTAPbIHAA XKYPri3ingi. Taza aMMOHUI HUTPATbI YLWiH HEri3ri TepMUANbIK,
blablpay ~282 °C alimafbiHAa 6aiKanca, Cul KaTbicbiHAa ~276 °C wamacbiHAa aliKblH 3K30TEPMUASBIK MUKTIH, Naiiaa
60nybl peaKkuMAHbIH, epTepeK BacTanatbiHbiH KepceTTi. CoHbiIMeH KaTap, ~300 °C alMmafblHAAFbl IHAOTEPMUANDIK,
3 deKTTiH TepeHaeyi rastepisai eHimaepaiH KapKbiHAbl 6eniHyiMeH 6aliNaHbICTbl eKeHi aHbliKTanabl. KUHETUKaNbIK
Tangay HatuxKenepi 6orbiHWa Tasa NH;NO; ywiH akTMBauma aHepruscbl 101,27-113,48 kOx-Monb™! apanbifbiHAa
6onca, 5 mac.% Cul eHrisinreHge 6yn maH 81,37-94,59 k-monb? aeliH TomeHaenai. EKiHWI peakuus caTbiCbiHAA
akTMBauus 3sHepruacbl 188,73 kAx-monbl-geH 159,71 KkA-monbl-re AeniH asasgbl. bakbinaHFaH aKTMBaUMA
SHEPruAcbIHbIH, TemeHaeyi aaebuertepae cunatransaH Cu’/Cu? pefoKC-UMKNIHE KaHe PeaKTUBTI paanKkangapibiH,
bIKTUMaN Ty3inyiHe HerisgenreH mMexaHU3IMMeH CoMKec Kenegi. ANblHFaH HITUXKeNep MexaHOXMMUANbIK dicheH
cuHTesgenreH Cul aMMOHMI HUTPATbIHbIH, TEPMUABIK biAblPay KMHETUKACbIHA efleyni acep eTeTiHiH KepceTea,.
HaTuxkeciHae peakuMaHbIH, SHEPreTUKANbIK TOCKaYbl/ibl TOMEHAEN, XKYMEHIH, }Kannbl peakuUablK KabineTi aptaabl.

TyiiiH ce3gep: mexaHoXMMUANbIK cMHTE3, Mbic(l) Moanai (Cul), TepMmuAnbIK biablipay, KaTaNUTUKaNbIK acep, benceHaipy
SHeprusacsl



