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Abstract: Layered double hydroxides (LDH) can be classified as promising materials due to the ease of synthesis, as
well as their wide scope of application. However, the process of LDH synthesis, depending on the LDH chemical compo-
sition, can take from tens of hours to several days. It was previously identified that ultrasound exposure during the LDH
production significantly reduces the synthesis time, and LDHs produced in this way are interesting in relation to the study
of their physicochemical properties and sorption capacity. In this work, the authors produced Mg/Fe LDHs in nitrate form
by the traditional method and by the combined action of ultrasound and increased hydrostatic pressure. The resulting sam-
ples are characterized by a complex of physicochemical methods of analysis, including scanning electron microscopy
(SEM), infrared spectroscopy (IR), X-ray phase analysis (XRD), and thermal gravimetric analysis (TGA) with differential
scanning calorimetry (DSC). Experiments were carried out to study the sorption capacity of the obtained Fe/Mg LDH
samples in relation to chromate ions under normal conditions and under the influence of ultrasound, including in combina-
tion with increased hydrostatic pressure. A photoelectric photometer was used to obtain and analyze data with quantitative
values of the sorption process. Data of comprehensive analysis of the finished product indicate that the synthesized materi-
al is a Mg/Fe layered double hydroxide. X-ray phase analysis identified that the LDH synthesis using ultrasound and pres-
sure increases the crystallinity degree of the finished product. It has been found that the sorption properties of LDHs pro-
duced by the conventional method and LDHs produced under the influence of ultrasound and pressure are different.
In Mg/Fe LDHs synthesized by the conventional method, chromate sorption proceeds better than in samples synthesized
using ultrasonic treatment in combination with increased hydrostatic pressure. The study shows that the sorption process of
the examined LDH samples is described by different mathematical models.
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been a growing number of publications on the study of

INTRODUCTION the LDH ability to sorb substances polluting wastewater,

Layered double hydroxides (LDHs) are considered
a promising class of compounds for the creation of catalytic
systems [1], biomedical materials [2], and adsorbents [3].
An LDH can be used both as a separate sorbent [4], and as
an element of a composite sorbent [5]. Recently, there has

i. e., pollutants. This includes substances containing heavy
metals [6] or chromates [7]. In an environmental context,
studies on the sorption properties of LDHs containing me-
tals with low water environment toxicity — Mg, Al, Fe are
the most interesting [8; 9].
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LDHs can be used as sorbents due to their physico-
chemical properties. LDHs are inorganic frameworks con-
sisting of two positively charged layers, formed by metal
ions and hydroxide ions, between which mobile anions and
water molecules are located [10]. In their structure and
properties, they are similar to anionic clays consisting of
brucite-like layers [11]. The LDH composition is expressed
by the general formula:

M2 M3 (OH), | (A™),, xmH,0,

where M?" and M3" are cations of divalent and trivalent
metals, respectively;

A" is an interlayer anion;

x 1s the molar ratio of trivalent cation to divalent cation;

n and m are the amount of interlayer water.

Due to their layered structure and electrostatic nature,
layered double hydroxides can be intercalated with anions
or anionic complexes of various sizes and nature, which
determines the possibility of their use as promising sorption
materials [12—14].

The LDH synthesis does not require complex laboratory
equipment, and the synthesis process itself consists of two
key stages: coprecipitation and crystallisation. The crystal-
lisation stage, in accordance with the classical LDH synthe-
sis method, is carried out by heating and takes from 10 h to
several days [15; 16]. Relatively recently, in the literature,
works have appeared on the use of ultrasound in the LDH
synthesis. These works state that the ultrasound effect on
the reaction mixture reduces the crystallisation stage to seve-
ral tens of minutes [17—19]. The sorption properties of LDH
produced in this way may differ from the sorption proper-
ties of LDH produced by the classical method. It should be
noted that the LDH synthesis under the influence of ultra-
sound in combination with increased hydrostatic pressure,
and therefore the sorption properties of such LDH, are not
described at all in the literature.

The purpose of this work is to investigate the possi-
bility of synthesising layered double hydroxides under
the influence of ultrasound and pressure, as well as to
study their sorption properties in relation to the CrO42~
chromate anion, compared to LDHs produced by the con-
ventional method.

METHODS

The authors used analytically pure magnesium (II) ni-
trate 6-water, analytically pure iron (III) nitrate 9-water
(JSC “Base of chemical reagents No. 1), sodium hydrox-
ide, sodium nitrate (JSC “Vekton”), potassium chromate
(Sigma-Aldrich). Other chemicals, solvents, and materials
were received from commercial sources and used without
additional purification.

The Mg(II)/Fe(III)-NO;~ LDH synthesis was carried
out by coprecipitation. A solution of sodium hydroxide
and sodium nitrate (2 and 0.25 eq., respectively) was
added drop-by-drop to a solution of magnesium (II) ni-
trate hexahydrate, and iron (III) nitrate nonahydrate
(0.75 and 0.25 eq., respectively). Further processing of
the reaction mixture was carried out using one of the follo-
wing methods:

1) the reaction mixture was kept at 75 °C for 72 h;

2) the reaction mixture was processed with ultrasound at
a frequency of 22 kHz with an applied hydrostatic pressure
of 2 atm for 1 h.

The resulting precipitate was washed with distilled wa-
ter until pH=7, centrifuged (5000 rpm for 5 min), and then
stored under a layer of water or dried to constant weight at
30 °C for 24 h.

The resulting samples were examined for their ability to
sorption of chromate ions.

To determine the time of sorption equilibrium onset,
0.084 g of LDH, 4547 g of water, 1 g of 0.1000 N K,CrO4
solution, and 0.001 g of sodium hydroxide were placed in
a conical flat-bottomed flask, after that, the mixture weight
was made up to 50 g by adding distilled water. The result-
ing suspension was stirred for 1-10 min or exposed to ul-
trasound, or ultrasound in combination with increased hy-
drostatic pressure of 2 atm. The equilibrium concentration
of potassium chromate in the suspension was determined
photometrically using the calibration curve method. Expe-
rimental solutions and a control solution were photometered
against distilled water at a wavelength of 410 nm.

Experiments to study the sorption of LDH were carried
out at a temperature of 18 °C. An LDH (0.084 g), 4547 g
of water, 0.1000 N solution of K»CrOs4 (0.5, 1, 2, and 3 g),
0.001 g of sodium hydroxide were placed in a conical flat-
bottomed flask, after that, the mixture weight was made up
to 50 g by adding distilled water. The resulting suspension,
was stirred for 10 min. The potassium chromate concentra-
tion in the suspension was determined photometrically,
using the calibration curve method. Experimental solutions,
and a control solution were photometered against distilled
water at a wavelength of 410 nm. When photometering
experimental solutions, the equilibrium absorbance 4. was
determined, followed by the calculation of the equilibrium
concentration of potassium chromate C..

X-ray diffraction analysis (XRF) was performed on
a DRON-7 diffractometer, 20 angular interval from 7 to 80°
with a scanning step of A26=0.02° and exposure time of 7 s
per point. The authors used Cu-Ka radiation (Ni-filter),
which was subsequently decomposed into components Kol
and Ka2, when processing the spectra.

Thermal gravimetric analysis (TGA) was carried out on
a NETZSCH STA 449 F3 Jupiter device, using a heating
rate of 10 °C/min in a temperature range of 30 to 600 °C.

The microstructure study (SEM) was carried out at
the Interdisciplinary Resource Centre for Nanotechnology
of the Research Park of St. Petersburg State University on
a Carl Zeiss Merlin scanning microscope (Carl Zeiss AG,
Oberkochen, Germany) at 10 kV, SE2 detector, working
distance of 6.4 mm, pressure of 9.4:107" mbar. Graphite
was deposited by a Gatan PECS Model 682 device; deposi-
tion layer of 10 nm. Infrared (IR) spectra were recorded on
a Shimadzu IRPrestige-21 spectrometer (Japan). Photomet-
ric studies were carried out using a KFK-3 photoelectric
photometer.

RESULTS

Synthesis conditions, physical form, and codenames of
the obtained LDHs are given in Table 1.

An image of powder LDH taken using a scanning elec-
tron microscope (Fig. 1) clearly shows “flakes”, which are
a consequence of its layered structure. Fig.2 shows
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an example of the LDH IR spectrum. IR spectra were re-
corded in the range of 4000400 cm™'. The IR spectrum
contains two intense absorption bands (broad one with
a maximum at 3447 cm™! and narrow one with a maximum
at 1340 cm™"), two broadened low-intensity bands at 1642
and 750 cm™', and a band of medium intensity at 549 cm™'.

The diffraction patterns of the produced LDHs demon-
strate the presence of peaks characteristic of the LDH crys-
tal lattice (Fig. 3). Fig. 3 b also contains an additional peak
in the region of 26=40°, indicating the presence of an addi-
tional phase in the compound.

The TGA and DSC dependences for all produced LDHs
are of the same type; an example of a typical thermogram is
shown in Fig. 4. The thermogram shows that the thermal
decomposition of the sample, goes through the stages of in-
terlayer water removal, degradation of hydroxide layers to
oxide layers, and removal of interlayer anions, respectively.

The data obtained from the experiment on the chromate
sorption of Mg/Fe LDH are given in Table 2. The experi-
mental data obtained from studying the influence of chro-
mate weight on the sorption process are given in Table 3.
Fig. 5 shows the adsorption isotherms obtained from these
experimental data.

To select the most appropriate adsorption model, Lang-
muir (Fig. 6) and Freundlich (Fig. 7) isotherms were plotted
in inverse and logarithmic coordinates, respectively.

Langmuir adsorption is described by the equation

c, 1 c,

£ — +_’
q. QmKL Qm

where g, is the weight of adsorbed potassium chromate per
LDH adsorbent unit weight, mg/g;

Table 1. Synthesis conditions, physical form, and codenames of LDHs

Tabnuua 1. Ycnosus cunmesa, gusuueckas gpopma u kodosvie Haumeroganus CHI

Synthesis conditions
Code Temperature 75 °C, Ultrasound treatment Ultrasound treatment Physical form
72 h in water bath at 22 kHz at 22 kHz with pressure of 2 atm
1i + Powder
1ii + Suspension
2i + + Powder
2ii + + Suspension

2 pm

= | EHT = 10.00kV 1 Probe =

WD =64 mm

Mode = Hight
Resolution

Mag=1000K X

JA  Signal A = SE2 Noise Reduction = Frame int.

B
stem Vacuum =
-007 mbar

Fig. 1. A scanning electron microscope image of the Mg(Il)/Fe(IIl)-NOs~ layered double hydroxide
Puc. 1. Cuumox Mg(Il)/Fe(Il])-NO3™ croucmozo 060iiH020 2uOpOKCUOA, COENAHHbII HA CKAHUPYIOWEM INeKMPOHHOM MUKDOCKONE
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Fig. 2. Infrared spectra of the Mg(1l)/Fe(lll)-NOs~ layered double hydroxide
Puc. 2. Hugpaxpacnvie cnexkmpur Mg(1l)/Fe(Il])-NOs~ croucmozo 08011020 cudpokcuoa

C. is an equilibrium concentration of potassium chromate
calculated from photometric data, mg/l;

K; is an adsorption free energy constant (otherwise —
Langmuir affinity constant), I/mg;

O is a monolayer adsorption power, mg/g.

Within the framework of Langmuir adsorption theory,
it is expected that all adsorption centres are energetically
equivalent, and each such centre can hold only one adsor-
bent particle. Therefore, the adsorbent centre has a finite
capacity to adsorb an adsorbate.

Based on the graphically represented experimental data
(Fig. 6), the K, and @, parameters were calculated

(Table 4). The Langmuir approach can be used to predict
the affinity force between adsorbate and adsorbent using
the dimensionless partition coefficient (R;) (Table 3), which
was determined by the equation

1
FU U+ K
At partition coefficient values 0<R;<lI, adsorption pre-
dominates, at R;>1, desorption predominates, while at
R;=1, so-called linear adsorption is observed, and adsorp-
tion is irreversible at R;=0.
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Fig. 3. Diffraction patterns of the Mg(Il)/Fe(Ill)-NOs~ layered double hydroxides synthesized by the 1i (a) and 2i (b) method.
The marked area is an additional peak indicating the presence of an extra phase in the compound
Puc. 3. Jugppaxmozcpammor Mg(1l)/Fe(Il])-NOs~ croucmuix 080tiHbIX 2UOPOKCUOO08, cCunme3uposannbix cnocobom 1i (a) u 2i (b).
Buvioenennas obracms — 00noIHUMENbHBLE NUK, 2080PAUUL O HATUYUYU 8 COEOUHEHUU OONOTHUMENbHOU (a3bl
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Fig. 4. Stages of thermal decomposition of the Mg(Il)/Fe(Il])-NO3~ layered double hydroxide
Puc. 4. Cmaouu mepmuueckoeo paznoxceruss Mg(Il)/Fe(Il)-NO3~ croucmoeo 0801H020 2u0poKcuod

According to Freundlich, adsorption is described by
the empirical equation

1
lgg, =1gKp +;lgce,

where g. is the weight of adsorbed potassium chromate per
LDH adsorbent unit weight, mg/g;

Kr is a Freundlich constant, mg/g;

1/n is the adsorption intensity.

Based on the graphically represented experimental data
(Fig. 7), the Kr and 1/n parameters, as well as the partition
coefficient (Table 4), were calculated.

To determine the more likely adsorption mechanism,
the correlation coefficient 7* (Table 4) for the experimental
data was calculated using the Langmuir (Fig. 6) and Freund-
lich (Fig. 7) adsorption plots.

DISCUSSION

Chemical processes proceeding during LDH synthesis
can be expressed by the following equation:

6Mg?" +2Fe’" +160H™ +2NO,” +4H,0 =
= [Mg()FeZ (OH)lé] (NO3 )z x4H,0

The SEM image of LDHs (Fig. 1) clearly demonstrates
the flaky microstructure of the synthesised powder LDHs,
which, in turn, is a consequence of their layered organisa-
tion. The data obtained using SEM are consistent with lite-
rature data [20—22] on other LDHs, as well as their natural
analogues — cationic clays, which also have a flaky struc-
ture due to their layered morphology.

The presented IR spectra (Fig.2) contain absorption
bands that prove the presence of chemical bonds characte-
ristic of magnesium-iron LDHs: a wide intense absorption
band at 3750-3200 cm™! corresponds to OH stretching vi-

brations of water molecules and hydroxyl groups. The pre-
sence of a broadened low-intensity absorption band at
1641 cm™! is caused by bending vibrations of water mole-
cules. Absorption bands at 1340 and 750 cm™! of high and
low intensity, respectively, relate to nitrate anion vibrations,
while the presence of a medium-intensity band at 549 cm™!
is caused by covalent metal-oxygen coordination bonds.

The diffraction patterns of the resulting LDHs are al-
most identical (Fig. 3) and contain a set of basal reflections
typical for LDHs with a hydrotalcite structure. All samples
are characterised by a hexagonal crystal system. These facts
indicate a layered structure of the produced LDHs and al-
low attributing the resulting LDHs to the hydrotalcite crys-
tallographic type. In addition, calculations using the ob-
tained experimental data indicate that the crystallinity of
the samples is maximum for 2i and 2ii. Moreover, in the case
of 2i and 2ii samples, an extra layer line appears in the dif-
fraction patterns in the region of 26=40.50° (d=2.225 A).

TGA/DSC analysis of LDH samples (Fig. 4) showed
that, in general, the thermal decomposition of the samples
proceeds in three stages. At the first stage, a loss of inter-
layer water occurs, which is accompanied by a pronounced
endo-effect (weight loss is about 6 %). At the second stage,
also accompanied by a visible endo-effect, the hydrotalcite-
like hydroxide layers are destroyed, accompanied by their
transformation into predominantly oxide-type layered struc-
tures. At the second stage, the NO3™ anion also decomposes.
The weight loss at the second stage is about 18 %. The third
stage is accompanied by a weakly expressed, barely notice-
able endo-effect; the final decomposition of residual hy-
droxides and the NO,™ anion occurs. As a result, a mixture
of iron (III) and magnesium (II) oxides is formed, and
the weight loss is about 12 %.

The data obtained when studying the LDH sorption
properties in relation to chromate ions (Table 2) indicate
that with normal stirring, sorption equilibrium is achieved
within 5 min after the experiment onset (Table 2, No. 1, 4, 7).
However, the maximum sorption is observed after 1 min.
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Table 2. Comparison of sorption efficiency under various conditions
Tabnuya 2. Cpasnenue s¢pghexmusnocmu copoyuu 8 pasnuuHbIX YCA08UIX

No Sorption conditions Optical density Optical density Optical density
: Treatment* Time. min of control solution 4o of experimental solution A, difference A4
1 18 °C, stirring (1%) 1 0.339 0.210 0.129
2 18 °C, stirring (2ii) 1 0.339 0.229 0.110
3 18 °C, stirring (1ii) 5 0.339 0.220 0.119
4 18 °C, stirring (1i) 5 0.337 0.236 0.101
5 18 °C, stirring (2ii) 5 0.339 0.241 0.098
6 18 °C, stirring (2i) 5 0.339 0.267 0.072
7 18 °C, stirring (17) 10 0.378 0.276 0.102
8 US 22 kHz (1if) 5 0.338 0.211 0.127
9 US 22 kHz (2ii) 5 0.338 0.222 0.116
10 US 22 kHz, p=2 atm (1if) 5 0.351 0.199 0.152
11 US 22 kHz, p=2 atm (2ii) 5 0.351 0.223 0.128
12 US 22 kHz, p=2 atm (1ii) 0.5 0.343 0.228 0.115
13 US 22 kHz, p=2 atm (2if) 0.5 0.337 0.246 0.091
14 US 22 kHz, p=2 atm (1) 0.5 0.337 0.233 0.104
15 US 22 kHz, p=2 atm (2i) 0.5 0.337 0.234 0.103
16 US 22 kHz (1if) 0.5 0.348 0.200 0.148
17 US 22 kHz (2ii) 0.5 0.348 0.219 0.129

Note. * LHD code is given in brackets (see Table 1).
Ipumeuanue. * B ckobrax yxasan koo CAI" (cm. mabnuyy 1).

Table 3. Adsorption at constant LDH weight and different chromate weight
Tabnuua 3. Adcopbyus npu nocmosaunou macce C/I" u paznou macce xpomama

mo 0.1000 N Concentration Optical Weight of sorbate Concentration Adsorption LDH
of K:CrO4 in the initial solution density chromate of sorbate chromate value
solution, g Co, mg/1 Ae me K2CrQ4, mg Ce, mg/1 qe, mg/g m, mg
for 1 LDH
0.500 64.7 0.126 2.20 44.0 12.4 0.0840
1.00 129 0.276 4.82 96.5 19.7 0.0840
2.00 258 0.581 10.2 203 333 0.0840
3.00 388 0.898 15.7 314 44.5 0.0840
for 2i LDH
0.500 64.7 0.096 1.80 36 17.22 0.0840
1.00 129 0.256 4.81 96.2 19.68 0.0840
2.00 258 0.578 10.87 217.4 24.36 0.0840
3.00 388 0.906 17.03 340.6 28.44 0.0840
24 Frontier Materials & Technologies. 2023. Ne 4
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Fig. 5. Adsorption isotherm of potassium chromate for 1i (a) and 2i (b)
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Fig. 6. Langmuir adsorption isotherm for li (a) and 2i (b)
Puc. 6. H3zomepma adcopboyuu onsa 1i (a) u 2i (b) no Jlenemiopy

One should note that the use of the suspension LDH allows
achieving slightly better sorption results than the use of
the powder form (Table 2, No. 3 and 4, 5 and 6).

Experimental data (Table 2) indicate that when using
the same hydroxide forms as sorbents, sorption improves
for the same time when the system is exposed to ultrasound,
and even greater when ultrasound is applied in combination
with increased hydrostatic pressure (Table 2, No. 3, 8, 10
or5,9,11).

In the case of ultrasonic treatment of sorption systems,
the maximum sorption is observed in 0.5 min, and by 5 min
of exposure, partial desorption of chromate ions occurs
(Table 2, No. 8 and 16, 9 and 17). In the case of simultancous
action of ultrasound and pressure, the amount of sorbate
chromate increases with an increase in sorption time from 0.5
to 5 min by approximately 30 % (Table 2, No. 10 and 12, 11
and 13). To determine accurately the time of maximum sorp-
tion, additional experiments are required.
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Fig. 7. Freundlich adsorption isotherm for 1i (a) and 2i (b)
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Table 4. Comparison of Langmuir and Freundlich adsorption parameters
Taonuya 4. Cpasnenue napamempos aocopoyuu no Jlenemiopy u @peiinonuxy

According to Langmuir According to Freundlich
KL Omn RL L Kr 1/n RL rr
for 1 LDH
0.0032 62.50 0.7073 0.99275 1.01 0.656 0.0076 0.99927
for 2i LDH
0.028 27.03 0.2168 0.8200 - - - -

It is important to note that, as a rule, 1/ and 1ii LDHs
produced by the conventional method, demonstrate better
sorption results than 2i and 2ii LDHs produced under
the influence of ultrasound and pressure (Table 2, A4 va-
lues for No. 3 and 5,4 and 6, 8 and 9, 10 and 11, 12 and 13,
16 and 17).

The adsorption of LDH chromate ions obtained by
the classical method (17) is well described by both
the Langmuir and Freundlich models. Although the correla-
tion coefficients represented in Table 4 are very close,
the slightly larger correlation coefficient 72 indicates that
the adsorption of chromate ions by 1i LDH is somewhat
more consistent with the Freundlich equation. In the case of
an LDH produced by treating the reaction mixture with
ultrasound at elevated pressure (2i), the adsorption of
chromate ions is well described by the Langmuir model and
cannot be described by the Freundlich equation. This is
because, according to the Freundlich model, the straight

isotherm line must intersect the ordinate axis in the region
of negative values, which does not agree with the experi-
mental data. Thus, it seems possible to compare the effi-
ciency of 1/ and 2i samples only within the framework of
the Langmuir model. Within the framework of this model,
the adsorption power of LDH produced by the classical
method (17) is almost 2 times higher than the power of LDH
produced under the influence of ultrasound in combination
with pressure (2i), as evidenced by the O, values (Table 4).
Moreover, the values of the Langmuir constant K; given in
Table 4 indicate that the affinity of chromate ions for
17 LDH is greater than for 2i. Thus, the Langmuir model
indicates a higher sorption efficiency of 1 LDH, which is
consistent with the data represented in Table 2.

The structure, and therefore the sorption properties in
relation to chromate ions for LDHs produced by the clas-
sical method (1i and 1ii)) and LDHs produced under
the influence of ultrasound and pressure (27 and 2ii) differ.

26
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Chromate ion has a greater affinity for LDHs of 1i and 1ii
types, which may be interesting for the creation of purifica-
tion systems. The lower affinity of the chromate ion for
LDHs of 2/ and 2ii types may be useful for the development
of delivery systems and oxidative microoperators, where
both the sorption of the chromate ion and its release, i. e.,
desorption are necessary. Thus, both LDH types are of in-
terest from a practical point of view.

CONCLUSIONS

1. Ultrasound in combination with high pressure intensi-
fies the interaction of magnesium (II) and iron (III) nitrates
with alkali, which can be used successfully to produce lay-
ered double hydroxides (LDH).

2. The use of ultrasound in combination with increased
pressure allows increasing the crystallinity of the resulting
LDHs.

3. The resulting LDHs are sorbents of chromate ions.
The sorption properties of LDH produced by the conven-
tional method are more pronounced than those of LDH ob-
tained under the influence of ultrasound and pressure.

4. For LDHs produced by the conventional method,
sorption is better described by the Freundlich model, and
for LDHs produced under the influence of ultrasound and
pressure — by the Langmuir model.

5. The experimental results indicate that when using
the same forms of hydroxide as sorbents, for the same time,
sorption improves when exposing the system to ultrasound,
and even more when ultrasound is applied in combination
with increased hydrostatic pressure.
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Annomayusn: Criouctele n1BoiiHble runpokcus! (CJI7) MOXKHO OTHECTH K KJIacCy NMEepCIEeKTHBHBIX MaTepHajioB OJaro-
Jlapsi POCTOTE CHHTE3a, a Takke 00MMpHOH cepe ux npumenenns. Ognako nporecc cuareza CI' B 3aBUCHMOCTH OT MX
XMMHYECKOTO COCTaBa MOKET 3aHMMATh OT JIECSITKOB YacOB JI0 HECKOJIBKMX CYTOK. PaHee ObUIO yCTaHOBIICHO, YTO BO3/CH-
CTBHE yJbTPa3ByKOM B mpouecce noxydenus C/II" 3HaUYMTeNFHO COKpaIIaeT BpeMsl CHHTE3a, a MOJIyYEeHHbIC TAKUM CIIOCO-
6om C/II' mHTEpecHBI B OTHOIICHUH M3y4YCHHA MX (PU3NKO-XMMHUYECKHX CBOMCTB, a TaKX€ COPOIIMOHHON CHOCOOHOCTH.
B pa6ote nomxyuenst Mg/Fe CAI" B HUTpaTHON (hopMe TPaOHIIMOHHBEIM METOIOM, a TaKKe IIPU COBMECTHOM JICHCTBHU YiIb-
Tpa3ByKa M IMOBBIIIEHHOTO THAPOCTaTHYECKOTO NaBiieHus. [lomydeHHble 00pa3ibl 0XapaKTepH30BaHbl C MOMOIIbIO KOM-
TieKca (PU3MKO-XMMUYECKUX METOJ/IOB aHaIM3a, BKIOUYAIONINX CKaHUPYIOIIYIO 3JIEKTPOHHYI0 MHKpockonuio (COM), un-
¢pakpacuyto cnekrpockonuto (MK), penrrenodazopeiii anamuz (PPA), tepmorpaBumerpuueckuii anammuz (TT'A)
¢ mpdepenunansHoil ckanupyromei katopumerpueit (JICK). [IpoBeneHs SKkCEepUMEHTHI 110 UCCIIEA0BAaHUIO COPOIIMOH-
HOH criocoOHocTH noiry4eHHbIX 00pasioB Fe/Mg CIII' o OTHOLIEHUIO K XpOMaT-HOHaM B HOPMAJIBHBIX YCJIOBHUSIX, a TaK-
JKe TIPH JICUCTBUU YJIBTPa3ByKa, B T. 4. B COYETAHWH C ITOBBIILICHHBIM THAPOCTaTHYECKUM JaBieHreM. Ha ¢oroanextpuue-
CKOM (poTOMeTpe OBIIIM MOIYyYSHBI U NPOAHATN3NPOBAHBI JaHHbBIE C KOJIMYECTBEHHBIMU 3HAYCHUSIMHU TIpoliecca cOpOIHH.
JlaHHBIC, TTOMyYEeHHBIE B X0JIe KOMIUIEKCHOTO aHalli3a TOTOBOTO MPOAYKTA, YKAa3bIBAIOT HAa TO, YTO CHHTE3MPOBAHHBIN Ma-
Tepuan sieisiercst Mg/Fe ciouctsiM 1BOHHBIM rHApoKcHaoM. [Ipu npoBeneHnn peHTreHo]a3oBoro aHaiu3a BEISABICHO, YTO
cuare3 CAI' ¢ mpuMeHeHHEM yIbTpa3ByKa M JABJICHHS IOBBIMIACT CTENEHb KPHCTAJUIMYHOCTH KOHEYHOTO MPOAYKTA.
YcranoBieHo, 9to copOrmonHble cBoticTBa C/II, mMOIydeHHBIX TpaAUIHOHHBIM criocoboM, U CII, momydeHHbIX o AeH-
CTBHEM YJbTpa3ByKa W HaBieHus, ominnyarorca. Y Mg/Fe CAI', cHHTe3NpOBaHHBIX TPAAUIMOHHBIM METOIIOM, COpOIHS
XpoMaTa MpoTeKaeT Jydlle, YeM Y 00pa3lioB, CHHTE3UPOBAHHBIX IIPH MOMOIIN YJIbTPa3ByKOBON 0OpabOTKH B COUCTaHUU
C MOBBIICHHBIM TMIPOCTAaTUYECKUM JAaBieHueM. [lokazano, 4To mporecc copOuun uccienoBanHsix odpasnos C/I onm-
CBIBAETCS Pa3HBIMU MAaTEMaTHIECKUMH MOZICIISMHU.
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brazodapuocmu: Pabora BeinonneHa npu nojuepxkke bBPODU (npoext Ne X21PM-081).

ABTOpBI BBIpaXaroT OarogapHocTh OTIENBHOMY MPOEKTY (yHIaMEHTANbHBIX ¥ MPUKIAIHBIX HAYYHBIX UCCIIEIOBaHUN
«YIpTpa3ByKOBOI CHHTE3 CIOUCTHIX ABOMHBIX MMJIPOKCHI0B METUIIMHCKOTO Ha3HAUECHUS.

ABTOpBI BBIp@XaIOT NPHU3HATEIBHOCTh HaydHOMY mapky Caskr-IleTepOyprckoro rocyaapcTBEHHOTO yYHHUBEPCHTETa
(MexaucuuIuIMHapHbIi pecypCHBI LIEHTp 10 HanpaBieHHI0 « HaHOTEeXHOIOTHM» 1 pecypCcHbIH HeHTp «MeTopl aHanm3a
COCTaBa BEIIECTBa») 3a OKa3aHHYIO MOMOIIb B UCCIEIOBAaHUN MUKPOCTPYKTYypsl (COM) n m3mepenun MK-criektpoB cun-
Te3upoBaHHbEIX 00pa3noB CAI. [locesmaercs 300-neTHeMy ro0mieto ocaoBanust CaHKT-IIeTepOyprckoro rocy1apcTBEHHOTO
YHHUBEPCHUTETA.

Cratbsl HOATOTOBJICHA 10 MaTeprallaM JIOKJIaI0B y4acTHUKOB XI MexayHapoaHoi mikonsl « Pu3ndeckoe MaTeprualio-
Begerney (LIOM-2023), Tompsarth, 11-15 centsadps 2023 roxa.

Jlna yumuposanusa: I'omyoes P.A., Pybanuk B.B., Pybanuk B.B. mi., Kputaenkos U.C., Kputuenkos A.C. CopOuu-
OHHbIE CBOMCTBA CJIOMCTBIX JBOMHBIX THAPOKCHJIOB, IOJYUYSHHBIX MPH yIbTPa3ByKoBoM Bo3zaeicTBuu // Frontier Materials
& Technologies. 2023. Ne 4. C. 19-30. DOI: 10.18323/2782-4039-2023-4-66-2.
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