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Abstract: Bimetallic Fe-Ag composites were fabricated based on silver (1) ferrite (AgFeOz2)
synthesized using a co-precipitation method with and without the polyvinyl alcohol as a nanoparticle
stabilizer, followed by the heat treatment at 500, 700 and 900°C and electrochemical reduction. Phase
compositions and morphological features of AgFeO2 samples produced after heat treatment and after
electrochemical experiments were determined by X-ray diffraction analysis and electron microscopy. A
decrease in the temperature of the thermal decomposition of silver ferrite prepared with polyvinyl alcohol
was established. The possibility of the electrochemical reduction of AgFeO: in aqueous alkaline catholyte
on a copper cathode with the formation of crystalline phases of both metals or their alloy was shown. The
Fe-Ag composites formed during heat treatment and electrochemical reduction were used as
electrocatalysts in the electrohydrogenation of p- and o-isomers of nitrobenzoic acid and exhibited high
activity. Compared to their electrochemical reduction under similar conditions, the hydrogenation rate and
hydrogen utilization coefficient were increased, and their conversion reached the maximum values. The
main products of electrocatalytic hydrogenation are p- and o-isomers of aminobenzoic acid, which are
widely used in the production of drugs (for example, benzocaine, novocaine., etc.).
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KA3AKCTAHHBIH XUMUAJIBIK KYPHAJIBI XUMHYECKHUY XVPHAJT KA3AXCTAHA

1. Introduction

Nanoparticles of a number of metal ferrites with magnetic properties are used
as catalysts in various reactions of organic chemistry [1]. This group of metal
ferrites also includes silver (I) ferrite, AgFeO2, which exhibits high photocatalytic
activity in many chemical processes [2—4]. In addition, silver ferrites are widely
employed as sensors, energy storage devices, in lithium-ion batteries, and for
water purification due to their non-toxicity, optical, electrical and magnetic
properties, as well as a unique electronic structure [5-7]. It is known [8] that silver
() ferrite has a delafossite-type layered structure with the general chemical
formula ABO,, which is characterized by alternating layers of BOg octahedra with
common edges, where the B cation can include various trivalent transition metal
cations (for example, Fe®*) with close-packed monovalent A* metal cations, which
are located between the layers. For AgFeO,, rhombohedral (space group
symmetry R-3m) and hexagonal (space group symmetry P63/mmc) crystal
structures are known [9].

In literature, various methods for producing stable nanosized particles of
silver ferrite have outlined: sol-gel method [2], hydrothermal [10], co-
precipitation [11], solid-phase synthesis [12] and others. These methods can be
used to prepare silver ferrite with a highly crystalline structure, with good
dispersion and stability, with the ability to control the size and shape of its
particles [13-15]. It is known that silver has antibacterial properties, and recently
a tendency to obtain mixed ferrites of metals with silver has been developed to
create new composite materials with good physical properties and antimicrobial
activity [16, 17], which can be promising in biomedical and pharmaceutical
productions.

Some metal ferrites, in addition to their direct use as catalysts, serve as
sources for preparing nano- and microparticles of bimetallic iron-containing
composites, which also have catalytic properties. The scientific papers [18-20]
describe in more detail the creation of Fe-Cu- and Fe-Zn-composites by thermal
reduction of metal ferrites in a hydrogen flow or in an environment of other
reducing gases. We have also shown that as a result of the electrochemical
reduction of copper (II) ferrite (CuFe20,) the Fe—Cu composites are formed with
various metal contents determined by the temperature of their preliminary heat
treatment, and they exhibit high electrocatalytic activity [21]. Nickel and zinc
ferrites behave somewhat differently under similar conditions [22, 23].

This paper presents the investigations of the thermal and electrochemical
reduction of silver ferrite, the preparation of Fe-Ag composites on its basis, and
their application in the electrohydrogenation of nitrobenzoic acid (NBA) isomers,
the amino-products of which are intermediate reagents in the synthesis of known
drugs (benzocaine, novocaine, dicaine and etc.).

It should be noted that there are practically no studies on the thermal and
electrochemical reduction of silver ferrite in the literature. At the same time, it is
known [7, 24] that at temperatures of 600-700°C, silver ferrite decomposes with
the loss of oxygen and the formation of metallic silver and Fe;Os:
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4AgF602 — 4Ag + 2Fe,03 + 0o, (1)

In addition, there are studies on the creation of bimetallic Fe—Ag
nanoparticles and investigation of their optical, magnetic, photocatalytic, and
catalytic properties [25-27]. Their syntheses are based mainly on the chemical
reduction of silver cations in the presence of iron or its oxides and the formation
of core-in-shell nanoparticles. For example, in [25], at the first stage of syntheses,
Fe and FesO4 nanoparticles were first prepared by the hydrothermal method, then,
in their presence, silver cations were reduced from its nitrate using sodium
borohydride, and the photocatalytic properties of the formed Fe-Ag
nanocomposites were studied.

2. Experimental part

In this work, silver (1) ferrite was synthesized by co-precipitation method
using a modified procedure from [24]. Silver (1) nitrate (0.06 mol) and iron (I11)
nitrate (0.06 mol) were dissolved in 300 mL of distilled water of room
temperature and stirred on a magnetic stirrer at 70°C for 1 h. The 2M aqueous
sodium hydroxide solution was added dropwise to this mixture until pH 12 was
reached, and it was stirred for 3 h. A ruby-red precipitate formed, which was
filtered and washed with 150 mL of distilled water heated to 50°C. It was dried at
80°C to constant weight. The resulting reddish-brown powder was divided into 3
equal parts and thermally treated at 500°C, 700°C and 900°C for 2 hours. The
heat treated composites were ground in a Tube Mill control at the same speed and
duration of grinding.

On this procedure, the composites of silver ferrite with polyvinyl alcohol
(PVA) as a polymeric stabilizer of the particles were also fabricated, when metal
salts were dissolved in the 3% PVA solution. The resulting precipitate was
filtered and washed with distilled water of room temperature. After drying, the
composite of silver ferrite precursors and PVA adsorbed on them was also
thermally treated at 500°C, 700°C and 900°C for 2 hours.

The phase constitutions of heat treated silver ferrite samples, as well as the
same samples after electrochemical reduction and after application in the
electrohydrogenation of p- and o-nitrobenzoic acids were determined using a X-
ray diffractometer (Bruker D8 ADVANCE ECO) using Cu-Ka radiation in the
angle range (20) of 15-90°. Their morphological features were studied using a
scanning electron microscope (TESCAN MIRA 3 LMU).

The electrocatalytic properties of formed Ag-Fe composites were studied in
the electrohydrogenation of p- and o-nitrobenzoic acids, the main hydrogenation
products of which were the corresponding isomers of aminobenzoic acid. The
experiments were carried out in a diaphragm cell in an agueous alkaline catholyte
solution at a current of 1.5 A and temperature of 30°C in two stages: the
electrochemical reduction of AgFeO, samples, and then the electrohydrogenation
of NBA isomers. Silver (I) ferrite powder (weighing 1 g) was applied to a
horizontally placed copper cathode (with an area of 0.05 dm?) tightly adjacent to
the bottom of the electrolytic cell. The AgFeO, powder, which has magnetic
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properties, was held on the cathode by an external magnet. The platinum gauze
was served as an anode. Electrocatalytic hydrogenation of the organic compound
on reduced metal composites was carried out after the termination of hydrogen
absorption in the first stage. The initial concentrations of p- and o-NBA were
0.066 mol/L. Based on the volumes of gases (oxygen and hydrogen) evolved, the
rate of the hydrogenation reaction (W, mL Hx/min), the hydrogen utilization
coefficient (1, %), and the conversion of the reduced substance (a, %) were
calculated.

3. Results and discussion

Bimetallic Fe-Ag composites were prepared on the basis of silver (1) ferrite.
Silver ferrite was synthesized by co-precipitation method without and in the
presence of the PVA polymeric stabilizer followed by heat treatment at 500, 700,
and 900°C and electrochemical reduction.

Table 1 presents the weight losses of silver ferrite samples during heat
treatment, their weights after heat treatment and the content of both metals in 1 g
of each sample, calculated taking into account their amounts in the initial salts.
With the same molar ratio of silver and iron salts taken for the silver ferrite
synthesis, the silver content in 1 g of the samples is significantly higher than that
of iron. The initial weights of silver ferrites without and with PVA were 3.55 g
and 5.00 g, respectively. Despite the difference in the initial weights, the higher
weight loss of the samples synthesized with PVA during heat treatment confirms
the adsorption of the polymer on the particles of precipitated metal oxides as the
precursors for the formation of silver ferrite.

Table 1 — Some characteristics of silver heat treated ferrite samples

. . The HT The weight . . Metals content in 1 g of
Silver ferrite temperature loss durin Silver ferrite silver ferrite, g
samples pe ’ 9 weight, g :
C HT, g Ag Fe

AgFeO; 500 0.06 3.49 0.619 0.321
AgFeO; 700 0.23 3.32 0.651 0.337
AgFeO; 900 0.24 3.31 0.652 0.338
AgFeO; + PVA 500 1.29 3.71 0.582 0.302
AgFeO; + PVA 700 1.62 3.38 0.639 0.331
AgFeO; + PVA 900 1.65 3.35 0.645 0.334

For the prepared AgFeO, and AgFeO. + PVA samples, X-ray diffraction
(XRD) analyses were performed. According to the XRD pattern of the AgFeO;
sample heat-treated at 500°C (Figure 1, 1a), its phase constitution corresponds to
the XRD data for silver ferrite with a rhombohedral crystal structure [7].

The particle sizes were calculated using the Scherer formula and X-ray
diffraction data for prepared composites. The sizes of the silver ferrite particles of
the (102) crystalline phase corresponding to the extended peak at the diffraction
angle 26 = 35.30° in the XRD pattern are ~ 9 nm. The particle sizes of other
crystalline phases of this ferrite sample vary from 5.7 to 39 nm. Electron
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microscopic studies of this sample, indeed, show a fine-grained structure of its
particles with a tight fit to each other (Figure 2).

According to XRD analysis (Figure 1, 2a), the heat treatment (HT) of silver
ferrite at 700°C is accompanied by its decomposition into iron oxide (1) and
silver metal (reaction equation (1)). This sample contains Ag and a-Fe;O3
crystalline phases. The size of the silver crystallites of the phase at the angle of 20
= 38.3° is ~16 nm. In the micrograph of this sample, taken with a BSE detector
(Figure 2, b), it is clearly seen that multiple light inclusions of different sizes
appear on the surface of its particles, corresponding to silver crystallites.

The AgFeO, sample (900°C) after HT (Figure 1, 3a) also contains silver and
hematite (a-Fe203) in smaller amounts in its constitution. In addition to silver, the
presence of reduced iron is also possible in this sample, the iron corresponding
peaks are located along the peaks of silver in the XRD pattern. For example, for
Fe, the values of 26 angles for its main crystalline phases are 44.3°, 64.4°, 81.6°,
and for Ag, they are 44.5° 64.5° and 81.8°. The formation of alloyed Ag-Fe
particles is also possible. It follows from the XRD data that all particles are large
(40-80 nm). Micrographs show iron-containing crystalline formations up to
several micrometers (Figure 2, ¢). The melted silver (see the attached spectrum of
one of the light areas in micrograph (Figure 2, c)) covers these crystals in the
form of films of different thicknesses.
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Figure 1 — XRD patterns of AgFeO2 samples heat treated at 500°C (1), 700°C (2) and 900°C (3)
after HT (a) and after electrochemical reduction
and electrohydrogenation of NBA (b)
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Note that the AgFeO. samples prepared without a polymeric stabilizer and
treated at 700 and 900°C have magnetic properties, while the sample with HT at
500°C does not have such properties. This is in a good agreement with the results
of the work [24], which states that silver ferrite annealed at 400°C is
paramagnetic (remanent magnetization value Mg = 0.0023 emu/g). At the same
time, composites fabricated from silver ferrite during heat treatment at 700 and
900°C exhibit ferromagnetic properties (Mg = 0.035 and 0.383 emu/g,
respectively).

The phase constitutions of all three AgFeO, samples after electrochemical
experiments are shown in Figure 1, 1b-3b. In the AgFeO, (500°C) sample, in
which only silver ferrite particles were present after HT (Figure 1, 1a), the
electrochemical reduction of silver cations and partially of iron cations occurs,
when it is saturated with hydrogen. In the XRD pattern (Figure 1, 1b), the peaks
for these metals are located together, and as noted above, the alloyed Ag-Fe
particles (or heterostructural formations) could be formed. The AgFeO; (700°C)
sample contains only crystalline phases of silver and iron oxide (a-Fe203). In the
AgFeO; (900°C) sample, reduced iron appears in a small amount (Figure 1, 3b).

Figure 2 — Micrographs of AgFeO2 samples heat treated at 500°C (a), 700°C (b)
and 900°C (c)

The presence of the PVA polymer in the process of co-precipitation of metal
cations affects the phase changes of silver ferrite samples during their heat
treatment. So, already in the XRD pattern of the AgFeO, + PVA (500°C) sample
(Figure 3, la), the peaks appear corresponding to the crystalline phases of
metallic silver. The remaining silver ferrite and iron oxide a-Fe;Os are also
present. That is, under the action of temperature and PVA polymer, a partial
decomposition of silver ferrite occurs at 500°C, which takes place at higher
temperature in the case of AgFeO; prepared without the polymer (Figure 1).

The XRD pattern for AgFeO- + PVA (700°C) sample shows almost the same
phase constitution (Figure 3, 2a) as for the sample annealed at 500°C, and
obviously with a smaller number of silver ferrite phases.
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In the AgFeO, + PVA (900°C) sample, in addition to the crystalline phases
of metallic silver, iron and iron oxide o-Fe;Os, there is presumably another
modification of this oxide, y-Fe;Oz (maghemite), with low-intensity peaks in the
X-ray diffraction pattern (Figure 3, 3a). It is known that the phase transition from
v-Fe203 to the more stable modification a-Fe,Os; occurs in the region of 550-
560°C [28, 29], but during stabilization it can also exist at higher temperatures.
Apparently, silver acts as its stabilizer in this heat-treated sample. At the same
time, this sample exhibits weaker magnetic properties than the other two samples
synthesized using the PVA polymer and treated at 500°C and 700°C.

From the micrographs of these samples, one can trace their morphological
changes: from the beginning of the Ag particles separation from the rather dense
AgFeO; structure to the formation of almost pure metallic Fe and Ag large
crystals several micrometers in size (their compositions are shown in the EDS
spectra 2 and 3, attached to the micrograph b) and to the sample with some melted
silver (Figure 4, d).
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Figure 3 — XRD patterns of AgFeO2 + PVA samples after heat treatment (a) at 500°C (1), 700°C
(2) and 900°C (3) and after electrochemical reduction
and NBA electrohydrogenation (b)

Heat-treated silver ferrite samples were deposited on the surface of a copper
cathode, held on it with a magnet placed outside the cell, and saturated with
hydrogen. Then the resulting Ag-Fe composites were investigated for the
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manifestation of electrocatalytic activity in the electrohydrogenation of p- and o-
isomers of nitrobenzoic acid (p- and 0o-NBA). The obtained results are shown in
Table 2.

It should be noted that the electrochemical reduction of aromatic nitro
compounds, as a rule, is complicated by the various chemical transformations of
the intermediate reduction products formed and significantly depends on the pH
of the environment [30]. The electrocatalytic hydrogenation of nitro compounds
proceeds by the mechanisms similar to their catalytic hydrogenation on
heterogeneous catalysts in the liquid phase. Brief reviews of the catalytic
hydrogenation processes of nitroarenes with a description of their mechanisms
can be found in recently published articles [31, 32].

‘ B Spectrom 3
e Ay IR

Figure 4 — Micrographs of AgFeO. +PVA samples annealed at 500°C (a),
700°C (b and c) and 900°C (d)
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From the data in Table 2 it follows that all heat-treated AgFeO. samples
absorb hydrogen and undergo an electrochemical reduction, but to variable
degrees, which are determined by changes in their phase constitutions that occur
during heat treatment at different temperatures. The AgFeO: (500°C) sample after
HT practically retains the silver ferrite crystal structure (Figure 1, 1a), therefore,
in the electrochemical system, its reduction is accompanied by the absorption of
the largest volumes of hydrogen (131.1 and 125.2 mL Hy). For the complete
reduction of silver and iron cations from 1 g of AgFeO, taken to activate the Cu
cathode, according to the equation

AgFeO; + 4e + 4H* — Ag® + Fel + 2H,0, (2)

228 mL of H; are needed, of which 57 mL are used to reduce of silver
cations, and 171 mL for the reduction of iron cations. Obviously, in the AgFeO;
(500°C) sample, all the silver and part of the iron cations are reduced. In all other
AgFeO; and AgFeO, + PVA samples, two metals are partially formed even
during their heat treatment both during the release of oxygen from AgFeO, and as
a result of reduction by PVA decomposition products. Therefore, in the
electrochemical system, they absorb smaller volumes of hydrogen.

Table 2 — The results of the electrochemical reduction of silver ferrite samples
and electrocatalytic hydrogenation of p-NBA and o-NBA

Electrochemical Electrocatalytic
reduction of AgFeO. hydrogenation of NBA’s
Silver ferrite samples W mL Ho/min
T, Min V2, mL (a=0.25) n, % a, %
p-Nitrobenzoic acid
Cu cathode - - 3.7 36.1 63.9
AgFeO; (500°C) 80 131.1 9.0 88.9 99.4
AgFeO; (700°C) 20 17.0 6.3 61.5 935
AgFeO2 (900°C) 60 98.1 9.3 90.3 100.0
AgFeO2 + PVA (500°C) 20 30.2 9.5 91.7 97.2
AgFeO2 + PVA (700°C) 30 38.7 8.6 83.3 94.6
AgFeO2 + PVA (900°C) 60 46.9 8.4 81.9 96.0
o-Nitrobenzoic acid

Cu cathode - 3.8 36.1 66.4
AgFeO2 (500°C) 60 125.2 7.9 77.8 99.6
AgFeO; (700°C) 50 25.8 7.0 67.8 99.9
AgFeO; (900°C) 40 88.7 9.3 91.7 99.3
AgFeO2 + PVA (500°C) 30 38.6 9.1 88.9 99.8
AgFeO2 + PVA (700°C) 30 38.6 8.5 83.3 99.5
AgFeO; + PVA (900°C) 40 51.4 9.0 87.5 99.8

The electrocatalytic hydrogenation of both NBA isomers in the presence of
Fe—Ag composites formed after the electrochemical reduction of thermally treated
silver ferrite samples proceeds noticeably faster than their electrochemical
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reduction on a Cu cathode (Table 2). Moreover, more consistently high
conversion values are repeated for all samples in the case of electrocatalytic
hydrogenation of o-NBA. In general, it is quite difficult to determine,
electrocatalytic hydrogenation of which NBA isomer is more intense using the
prepared Fe—Ag composites, since high hydrogenation rates (9.3-9.5 mL Hx/min)
are achieved in processes of both NBA isomers being studied. It can be noted that
composites containing crystalline phases of two metals or their alloys after
electrochemical reduction are electrocatalytically more active than composites
containing only reduced silver and iron oxide a-Fe;Os.

4. Conclusion

Thus, the performed experiments have established that silver ferrite AgFeO-
can be reduced in the electrochemical system under specified conditions, and the
degree of its reduction is determined by changes in the phase constitution of
AgFeO;, samples during preliminary heat treatment. The resulting Fe—-Ag
composites exhibit a high electrocatalytic activity in the electrohydrogenation of
p- and o-nitrobenzoic acids and, obviously, can be used as catalysts in the
synthesis of other aminocompounds.
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BUMETAJIJIbI Fe-Ag KOMITO3UTTEPIHIH, KOJIIAHBLTYBIMEH HUTPOBEH30M
KbIIIKBIJIBIHBIH r- )KOHE o -U3OMEPJIEPIH DJIEKTPKATAJIM3AIK T'MJIPJIEY
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Tyiiingeme. bBumeranmsr Fe-Ag KkoMIo3uTrepi, HaHOOOLICKTEPIiH TYpPaKTaHIBIPFBILIEI PETiHIC
nomuBuHWT cnupTiHig (IIBC) KaTbICyBICEI3 KOHE OHBIH KATBICYBIMEH Oipre TYHABIDY oficiMeH
cunresgenred, kymic (I) deppuri (AgFeO:2) Herizimge, compiHaH onbl 500, 700 xome 900° C
TeMIeparypaja TepMUSUIBIK onaey (TO) jxoHe 3MEeKTPOXUMHSIIBIK TOTHIKCBI3AAHABIPY APKbUIbI ANIBIHBL.
TepMUsIIBIK OHICYACH KeiliH JKOHE SJICKTPOXHMMSUIBIK SKCICPHMEHTTEpACH KeiliH ansiaraH AgFeO:
YIIrinepiHiH ¢a3anslk Kypamaapbl peHTreH(a3aublK Tanaay )KoHe JIEKTPOH Il MUKPOCKOIHS dJicTepiMeH
QHBIKTAJAB! KOHE MOPGONOTHSIBIK epekuienikrepi 3eprrenngi. [TonMBHHWI CIUPTIMEH NaifblHOaNFaH
KyMic (eppUTIHIH TEpMUSUIBIK bIIbIpAy TEMIEpaTypachlHbIH TOMEHJereHi aHbIKTanabl. Cyibl-ciaTiii
KaTONUTTE MBIC KATONBIHIA €Ki METAJUIABIH HeMece ONapAblH KyWMacChIHBIH KPHUCTAalIbIK (a3amapsl
Ty3inyiMeH sxypeTiH AgFeOz 31eKTpOXUMUSIIBIK TOTBIKCHI3NAHY MYMKIHJIri kepcerinmi. TepMHSIBIK
OHJIey JKOHE JJICKTPOXMMMSUIBIK TOTBIKCHI3[aHy OapbIChIHIAa KaielnTacathiH Fe-Ag KoMmosuTTepi
HUTPOOEH30M KBILIKBUTBIHBIH n- KOHE 0-W30MEpJIepiH  DJEKTPruupiey  ypAicTepiHie
JNEKTPKATAIN3aTOpIap peTiHAe KOJAHBUABI JKOHE OKOFaphl OelCeHAUNK Kepcerti. OmapiblH
SNEKTPOXMMUSIIBIK TOTHIKCHI3AHYBIMEH —CalBICTBIPFAaHIA, Typa OCBIHAAH karjaiflapia THApPICHY
JKBUTIAMJIBIFBL KOHE CYTEKTI KOJJaHy Kod()(HUIMEHTI apTThl, aj oJapAblH KOHBEPCHUSCHI MaKCHMAJIbI
ImIaMajapra JKeTTi. DNEKTPKATANM3IIK THAPICHYNIH HETi3ri eHiMzepi Nopilik mpemapartap (MbICAlbL
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aHECTe31H, HOBOKAMH K.0.) OHAIPICiH/e KeHIHEH KOJIJaHbUIATIH aMUHOOCH30M KBILIKBUIBIHBIH 71- )KOHE 0-
nu3oMepiepi 00JIbIN TaObLIAIBI.

Tyiiin ce3mep: Ommeramuslk Fe-Ag xoMmosuTrepi, Kymic ¢eppuri, HoIMMepAi TYpaKTaHIBIPFBILI,
3IIEKTPKATAIU3IIK THAPIIEY, HUTPOOESH301 KBIIKBUIBIHBIH II- XOHE 0-H30MepIIepi
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Pe3tome. bumerammueckue Fe-Ag KoMIo3uThl TonydeHbl Ha ocHoBe (eppura cepedpa (1) (AgFeO2),
CHHTE3WPOBAHHOTO METOIOM COOCQXKICHUs ©0e3 W B TNPHUCYTCTBUH IOJMBHHUIOBOIO CIIUPTA, Kak
crabumu3aropa HAHOYACTHUI[, C MOCIeAyoueld Tepmudeckonr obpaborkoir mpu 500, 700 u 900°C u
9NEKTPOXMMUYECKIM BOCCTAHOBICHHEM. MeTOmaMH PEHTIeHO()A30BOr0 aHain3a W OIICKTPOHHOU
MHKPOCKOIIHH OIpe/IeeHbl (ha30Bble COCTABBI U U3YUeHBI MOP(OIOTHUSCKHEe OCOOCHHOCTH TOJIYYSHHBIX
obpasuoB AgFeO: mocie TepMuuecKkoil 00pabOTKM M MOCIE DIEKTPOXUMHYECKUX IKCIIEPUMEHTOB.
VCTaHOBJIEHO CHI)KEHHE TEMIICpaTypsl TEPMHYECKOro pacmana ¢eppura cepebpa, IPUTOTOBICHHOTO C
MOJMBUHIJIOBEIM CIHPTOM. [ToKazaHa BO3MOXKHOCTB 3JIEKTPOXHMHYECKOro BocctaHoBieHuss AgFeO: B
BOJHO-IIEJIOYHOM KaTOJIUTE HA MEIHOM KaToJe ¢ 00pa3oBaHUEM KPHCTAJUIMYCCKHX (a3 000MX METauIoB
wii ux caBa. DopMUpyIOIIHecs B XOA€ TEPMHYECKOH OOpabOTKH H  AJNEKTPOXHUMHYECKOro
BOCCTaHOBJICHUSI Fe-AQ KOMIO3UTHI ObLIH MPHMEHEHBI B KAYEeCTBE JJICKTPOKATAIN3aTOPOB B JJIEKTPO-
THAPUPOBAHUU 7- U 0-U30MEPOB HUTPOOCH30WHOM KHCIOTHI M IMPOSBHIHM BBICOKYIO aKTHBHOCTbH. 1o
CPaBHEHHIO C HX ODJIEKTPOXUMHUYECKAM BOCCTAHOBJICHHEM B AHAJOTHYHBIX YCJIOBHUSX TOBBICHIIHCH
CKOPOCTh THIAPHPOBAHUS H KOI()(GUIMCHT HCIONB30BAHUS BOAOPOAA, a WX KOHBEPCHS IOCTUTIA
MaKCHMaIbHBIX 3HaueHHH. OCHOBHBIME MPOIYKTAMH SJICKTPOKATATUTHYESCKOTO THAPUPOBAHHS ABISIOTCS
n- ¥ 0-M30Mepbl aMHUHOOEH30MHOM KHCIOTBI, IIMPOKO MPUMEHSEMbIE B MPOU3BOJCTBE JIEKAPCTBEHHBIX
[penaparoB (HarmpuMep, aHeCTE3MHA, HOBOKAWHA U JIp.).

KioueBsie ciioBa: Oumerammyeckue Fe-Ag KOMIO3UTEL, GeppuT cepedpa, HOIUMEpHBIi CTabHIN3aTop,
NEKTPOKATAIUTUYECKOE THIPUPOBAHUE, /- U 0-U30MEPbI HUTPOOECH30HHOM KUCIIOTHI
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