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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
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Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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FORMATION OF NANO-AND ULTRAFINE
PALLADIUM POWDERS IN THE PRESENCE
OF «RED-OX»SYSTEM«TITANIUM (I1I) - TITANIUM (IV)»

Abstract. The results of studies on the processes of obtaining ultra - and nanodispersed palladium powders from
sulphate solutions by a combined chemical and electrochemical method in the presence of a "red-ox" system of
titanium (III) - titanium (IV) are presented. It has been shown that when a titanium trivalent sulphate solution is
added to a solution containing palladium (II) ions, palladium ions are immediately reduced to elemental state to form
a nanodispersed powder. The completeness of the above-mentioned oxidizing-reducing reactions is established on
the basis of calculating the equilibrium constant (K), which is 10** and indicates that trivalent titanium ions
completely reduce palladium ions to elemental state.

Effect of initial concentration of palladium ions on amount of formed palladium powder with addition of
equivalent amount of trivalent titanium ions is investigated.

According to the authors, upon reduction of palladium ions, elemental palladium is formed in the atomic state,
and over time, the atoms begin to combine with each other. Subsequently, atomic particles are combined into
colloidal particles. It has been found that in the absence of coagulants, the colloidal palladium solution is stable for 2-
3 hours, and in the presence of gelatin, the stability increases and remains for 36 hours.

It was shown that in all experiments powders with spherical particles are formed, the average sizes of which
range from 0.116-0.240 microns.

Based on the results of the presented studies, a new technology for producing ultra - and nano-sized palladium
powders is proposed.

Keywords: ultra-dispersed nanosized powders, palladium, titanium(III) ions, "red-ox" system, reduction,
dispersion.

Introduction. Palladium is known to have special physical and chemical properties such as
high corrosion resistance, heat resistance, mechanical strength, hardness, high catalytic activity
and unique hydrogen sorption properties. In addition, palladium is much cheaper than other
platinum metals. It is also known that the application of palladium on the contact surfaces
significantly increases the service life of various radio and electrical equipment [1].

Palladium powder has been shown to have very high catalytic activity [2].

In the modern world, many industries, including machine-building, are developing in the
direction of creating low-waste and waste-free technologies. Cutting of metals, which is one of
the main methods of making parts, is economically disadvantageous because up to 60% of metal
is lost.

The main method for making parts from metals, including parts of a complex configuration,
is powder metallurgy, which allows to reduce the amount of waste by more than 10%.

The intensive development of modern technology for the production of non-ferrous, rare and
noble metals requires the involvement of new modern methods. In recent years, much attention
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has been paid to the development and implementation of various non-reactive electrochemical
processes, which is due to their significant capabilities in chemical, metallurgical and other
remodeling.

Technologies of electrochemical extraction of metals, synthesis of their various compounds,
as well as production of ultradisperse and nano-sized powders used in various industries and
national economy are constantly developing.

The interest of many authors in metal powders is caused by the fact that in the modern world
the demand for ultradisperse powders with nano-sized particles is growing. While previously
palladium powder was used mainly only in the manufacture of the article, the scope of its
application is now expanding more and more. One promising direction is the use of
nanomaterials in the basis of the technology of creating new drugs, including those having wound
healing effect [3-6]. It was found that when entering living organisms, nano-sized metal particles
cause a biological response different from the action of the traditional ionic form of elements. It
has been shown that nanoparticles of d-elements with parenteral administration are 7-50 times
less toxic than metals in ionic form. Nanoparticles easily penetrate all organs and tissues and have
a prolonged effect. In biotic doses, they stimulate metabolic processes and exhibit multifunctional
effects.

There are data [4] that Acticoat, Nucryst brand dressings, which include silver nanoparticles,
are widely used in the USA for the treatment of wounds, burns, trophic ulcers, eczema, acne rash.
At the same time, in the practice of treating wounds of different etiologies, there remains a high
need for soft dosage forms. In this regard, attention is drawn to the creation of metal
nanoparticles, in particular palladium nanoparticles, which can serve as one of the components of
soft dosage forms. The function of palladium in the body is well studied and its absolute need is
proved at all stages of the process.

The antibacterial effect of certain metals and their compounds has been known since ancient
times [2]. The study of the biological activity of copper and palladium nanoparticles, which differ
in dispersion and phase composition to create a soft dosage form, is devoted to many studies
conducted with the participation of medical workers. The dispersion of metal powders is a very
important characteristic of them and in recent years the industry needs fine and nano-sized
powders.

Experimental. Previously, palladium powders were prepared using chemical reducing agents
such as hydrazine, formaldehyde and hydrogen, reduced with zinc, magnesium, as well as other
metals having a more negative potential. An electrochemical method for producing palladium
powders is also known. For example, [8] shows the possibility of cathodic deposition of
palladium black from palladium (II) chloride solutions at certain pH values of the solution. From
a palladium chloride solution at high cathode current densities at the cathode, palladium (II) ions
are reduced to form palladium powders by the reaction:

Pd* + 2e — Pd° (1)

The purpose of our work is to develop a new method for producing ultra-dispersed palladium
powders in the presence of titanium (IV) ions. The objective of the study is to identify the
conditions and regularities of the process of producing ultra-dispersed and nanosized palladium
powders by chemical and electrochemical methods in the presence of the "red-ox" system of
titanium (III) - titanium (IV).

The tests were carried out in a 50 ml thermostat cell at room temperature. To the sulphate
solution containing palladium (II) ions was poured a titanium trivalent sulphate solution. At the
same time, almost immediately palladium ions are reduced to elemental state with formation of
metal powder by reaction:
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Pd2* + 2Ti3"— Pd° + 2Ti*" )

It should be noted that by mixing solutions containing palladium (II) and titanium (III) ions
in an equivalent ratio under certain conditions for ten seconds, the solution becomes colorless
(note that the initial solution of titanium trivalent sulfate is violet and chloride falladium is
reddish), i.e. clear. We presumably explain this phenomenon by the fact that at this moment
palladium is in an atomic state, due to the very small particle sizes it becomes practically
invisible.

After 2-3 minutes, palladium atoms begin to combine (group) with each other to a certain
state, forming agglomerates in which the particle sizes depend on the experimental conditions.
Further, colloidal particles of dark-colored palladium are formed throughout the volume of the
solution, the stability depends on the conditions of the experiment. In the absence of coagulants,
the colloidal palladium solutions remain stable for 2-3 hours and in the presence of gelatin for
36 hours.

In all experiments, powders with spherical particles are formed, the average sizes of which
range from 0.116-0.240 microns. Figures la and b show micrographs of powders obtained from
palladium chloride solution at different concentrations of palladium (II) ions. Micrographs
obtained using an electron microscope.

Effect of initial concentration of palladium (II) ions on amount of formed palladium powders
with addition of equivalent amount of trivalent titanium ions by reaction (2) was investigated.
Table 1 shows the amount of palladium powder formed from the palladium chloride solution -
2 g/1, sulfuric acid - 100 g/l and with the addition of an equivalent amount of titanium (III) sulfate.

Table 1 - Influence initial concentrations of ions of palladium (II) on the mass of powder of palladium (V = 25 ml)

Palladium ion concentration, g/l Weight of palladium in solution, mg Weight of formed palladium powder, mg
0,25 6,25 6,0
0,50 12,50 12,2
0,75 18,75 18,5
1,00 25,00 24,1
1,25 31,25 30,9
1,50 37,50 37,0

As can be seen from Table 1, the reaction (2) is completely shifted to the right, the palladium
ions contained in the solution are almost completely reduced to elemental state as ultradisperse
powders. Palladium powder yield above 96%.

The completeness of the redox reaction in the reaction of the above two "red-ox" pairs is
easily determined by calculating its equilibrium constant according to the known formula [9].
Reactions that are substantially complete must have a constant greater than 10® (with 99.99% of
the starting materials being bound). To calculate the equilibrium constant of any reversible "red-

0_r0
0X'" reaction, 1t 1s necessary to calculate using the formula =lgKred-ox, and then K:
" reaction, it ry to calculate IgK using the formula "L ")-jgx d then K
EO_EO
Kredq—ox = 10 % 3)
Pd* + 2Ti**2 Pd° + 2Ti*" 4)
Pd*"+2e — Pd°E’=+0.987Bn=2 ®))
2Ti*" - 2e —» 2Ti*" E°=-0.04 B (6)
_ (E9-EQ)n _ 2(0.987+0.04) _ 2%1.027 _ 2.054 _

1gKpaz+/1iz+ = 0059 0059 0059 _ 0059 34.8 )

Equilibrium constant K = 10°*8
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The value of the constant of the above redox systems, equal to K = 10**%, suggests that both
reactions go to the end from left to right and are practically irreversible. In addition, since the
reaction constant represents the ratio of the product of the concentration of the final reaction
products to the product of the concentrations of the starting products, the equilibrium of the above
reaction occurs when [2Ti3*]? * [Pd(II)] becomes more than [Ti*"]*> * [Pd] by 10** times.

The results of our calculations show that trivalent titanium ions are completely spent on
reducing palladium (II) ions to elemental state.

SEl 20kV WD12Zmm S820 x50,000 0.5pm  — SEI  20kV WwWD12mm SS520 x25,000 1pm —
Sample 13197 30 Jun 2020 Sample 13198 30 Jun 2020

SEl  20kV WD11mm S520 x50,000 0.5pm  — SEI  20kV WD11mm S520 x25,000 1um YT
Sample 13217 30 Jun 2020 Sample 13218 30 Jun 2020

b

Figure 1 - Electron microscopic photographs of palladium powders obtained by reduction with titanium (III) ions:
a - at initial content of palladium (II) ions - 0.1 g/1; b - at initial content of palladium (II) ions - 0.05 g/l

Based on the results of laboratory studies, we have proposed a new technological scheme for
the production of ultra-dispersed palladium powders (figure 2).

We have previously shown [10-12] that in acidic solutions, when titanium electrodes are
polarized by industrial alternating current under certain conditions, they are intensively dissolved
to form trivalent ions colored purple. In carrying out such experiments, we have discovered a new
phenomenon, which consists in the fact that after preliminary polarization of titanium electrodes
with non-stationary currents, their further self-dissolution takes place in sulphate and
hydrochloric acid solutions with the formation of titanium (III) sulfate and chloride, respectively.
In this connection, it is very easy to obtain titanium trivalent salts. As can be seen from figure 2,
by polarizing titanium electrodes (2) with industrial alternating current at a frequency of 50 Hz,
titanium (IIT) ions are obtained in the electrolysis cell (1). In the reactor (2), a solution of titanium
(IIT) sulfate was added to the palladium (II) chloride solution while stirring. In this case,

— g ——
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elemental palladium is formed in the form of powder with particles of nanoscale values. In an
electrolysis cell (3) in which the electrode spaces are separated by an anionite membrane,
titanium (I'V) ions are reduced in the cathode space to a trivalent state.

Polarization by Titanic electrodes
alternating current

v

Electrolvzer for
I~]  TiSOu):s

production
Ti2(S04)3 L Sohtion PACl:
ﬁ
2 Eeactor

\)

o , Palladinm
. = Ti.. h
Filtration ﬁ Washing and drying ; dispersed powder

\I{ Sohtion Ti(504)2

Electrolyzer for
3 N regeneration of
titanim (IIT) sohition

Figure 2 - Process flow diagram of production of ultra-dispersed palladium powders at cementation of palladium (II) ions with
trivalent titanium ions: 1 - electrolyzer with titanium electrodes; 2 is a reactor for producing ultra-dispersed palladium powders;
3 shows an electrolytic cell with anionite membrane-separated electrode spaces for regeneration of titanium trivalent.

Palladium powders are separated by filtration, washed until there are no impurity ions, dried.
All these processes are carried out in a box filled with inert gas (for example, carbon dioxide or
argon). The obtained powder is placed in a sealed container.

When palladium powders are formed by reaction (1), trivalent titanium is converted to a
quadrivalent state. Formed sulphate solution of tetravalent titanium is fed into cathode space (3)
of electrolysis cell, in which electrode spaces are separated by anionite membrane. Titanium (IV)
ions are reduced to trivalent state. A solution containing titanium (III) ions is sent to reactor (2)
and reaction (1) is carried out again in this reactor to obtain palladium powder.

Thus, earlier we first showed the possibility of producing ultra - and nano-sized copper
powders in the cathode, prianodic, as well as in interelectrode spaces [13-15], and in this work we
first showed the possibility of producing nano- and ultradisperse palladium powders in the
presence of the red-ox system "titanium (III) - titanium (IV)." On the basis of the conducted
laboratory studies, a process scheme for producing ultra-dispersed palladium powders is
proposed. It is shown that by this technology palladium powders of spherical shape with particle
size 0.116 - 0.240 mcm are formed.
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HAHO- )KOHE YJIbTPAJIUCIIEPCTI MAJIIAJAN YHTAFBIHBIH
«TUTAH (III) - TUTAH (IV)» RED-OX-)KYHWECI KATBICBIHJIA TY3LIYI

AHHOTauus. Makanaia yJIbTpaaUCIepCTi KoHe HaHoenmmempieri mamiaanid yatarbiH «tutan (II1) — tutan (IV)
«red-ox» KyHeciHiH KaTbIChIHAA alyJblH OIPIKTIpUIreH XUMUSUIBIK XOHE 3JIEKTPOXMMISIIBIK OMICIH »KacayFa apHalfaH
3epTTeyJIep HOTHKENEPi KeATipLIreH.

Toxipubenep Oesnme Temneparypacbigaa kenemi 50 Mi-re TeH TepMOCTaTTalFaH YSIIbIKTa Kyprizingi. Kypambinaa
naytaauii (II) normapel 6ap KYKIpTKBIIIKBULII €PITIHIINE YIIBAJICHTTI TUTAHHBIH KYKIPTKBIIIKBUIIBI €PITIHAICT KOCBIIJIBL.
Ocsl Ke37ie najuIa Uil HoHaaps! OipAeH HaHOeUIIeM i YHTAK TYpiHJe JIEMEHTTI Kyire AefiH TOTBIKChI31aHadbL.

Kypambinga nammaguii (II) sxone tutan (III) wonmapel Gap epiTiHAiIepai SKBHBAJCHTTIK apakaThlHACTAa Oemrimi
XKaFlaiia apanacTblpraH Ke3lle OH CEKyHJ IIIiHAe epiTiHAi Tycci3ieHeTiHi, Oackamia aiWTkaHaa, MeJaip OOJaThIHBI
aHbIKTANb! (YIIBAJIEGHTTI TUTaH Cylb(aTbIHbIH epiTiHAici OacTamKblAa KYITiH TYCTi, ajl majulagui XJIOpHIIHIH Tyci —
KbI3bU1). Bys1 KyObLIbIC ObLIaliIa TYCIHIIpineai: Oy Ke3/e majiajnii aToMapiibl Kyiie 60omajpl )koHe OelieKk eeMi oTe
Killi GONFaHABIKTaH, Ke3re KepiHOeiail. 2-3 MUHYTTaH COH NaJulafuii aToMAaphl KypaMbIHJarbl OeJIIIeK emeMi Taxipude
KaFIaibIHa TOYeI/l OOJIBIN KEJETiH arjioMeparTap Ty3e, Oenriii Oip kyiire aeiin Oip-OipiMeH Oipire (TonTana) Gactaiifibl.
OcblaH COH epiTiHAIHIH OYKil KeleMiHAe Na/UIaJAUMIiH KOHBIP TYCTI KOJUIOMATHI OenlleKkTepi Ty3ideldi, oyapiblH
TYPaKTBUIBIFBI TOXKipHOe KarmaiibiHa Toyenai Oosbin kenemi. KoarynsHTrap koK OONFaH Ke3[e KOJUIOMITHI Mayulaanid
epiTinainepi 2-3 carat Oolibl TypaKThl 60Ia/bl, aJ XKEeNaTUH KOChUIFaHa ojap 36 caraT 00iibl TYpaKThl KYHiHJe caKTalaibl.

DNeKTPOHABIK MUKPOCKON apKplibl namaguid (II) moHmapsIHbIH opTYpii 6acTanKel KOHIEHTPALMSIIApbIHAA aTbIHFaH
YHTaK MHKpocypeTTepi Tycipingi. bapiblk Toxipube HoTKeciHae OemmexTepi chepa Tapisnec, oprama enmemi 0,116-
0,240 MKM apaJibIFbIH/Ia YHTAK TY3LICTIHI aHBIKTAIIIBI.

YIIBaJeHTTI THTaH HOHIAPBIH SKBHBAJICHTTI Memepae Kockanma mnamtaguii (II) woHmapbIHEIH —OacTamKel
KOHIICHTPAIMACHIHBIH TY3UICTIH MaJUTaquii YHTAK MeJmepine acepi 3eprrenai. byn kesne mamnaauii (II) noHmapsiHbIg
GacTamnksl MeIepiHiH 96%-TeH acTaMbl yIbTPaJUCIEPCTi YHTAK TYPIiHIE 3IEMEHTT] KyHre oTeTiH aHbIKTaIbl.

[Mannaauii )xoHe TUTAaH HOHIAPBIHBIH SPEKETTECYl Ke3iH/e TOTHIFY-TOTHIKCHI3JaHy PEaKIMsACHIHBIH TONBIK 6Tyl «red-
0X» OKYHEHIH peakIMs KOHCTaHTAChIH €CENTey apKbUIbl AaHbIKTANAbl. ATalFaH TOTBIFY-TOTBIKCBHI3ZIAHY >KyHeci
KOHCTAaHTAChIHBIH Mmamachkl K = 1034 sxone 6yJ1 mama exi peakuusHbIH eKeyi Ie COJaH OHFa Kapaii TONBIK KYPETiHiH xKoHe
ic XKy3iHJe KaWTHIMCBI3ABIFEIH OOJKAYIbIH HETi31 00MbIn caHanaasl. JKyprizinreH ecentey HOTHXKeIEpl YIIBAICHTTI TUTaH
noHAapeiHbH nayutaauii (II) HoHaapbIH TONBIK AIEMEHTTI Ky#re AeiiH TOTBIKChI3IaHybIHa )KYMCAIaThIHBIH KOPCETTI.

XKyprisitren 1ab0paTOpUSsUIBIK 3epTTEyNep HErisiHAe NalIaJuiaiH YIbTpaJUCIepCTi YHTAFbIH alyAblH >KaHa
TEXHOJIOTHSACHIHBIH TPHHIUIHUAIIB ChI30a-HYCKackl YCHIHBUINBL. COHBIMEH Karap, Makajaga TOTHIKCHI3IaHIBIPFbII
YLIBAJEHTTI TUTAH CyIb(aThIH aly XKOHIHAE AePEeKTep KeNTipiNreH. ANbIHFAH JEPEKTeP TUTAH IEKTPOATAPHIH KbIIIKbIIIbI
epiTiHAIepae OHIIPICTIK alHBIMAIBl TOKIEH MOJsApU3alsiiay apKpulbl Oenrimi skarmaimaa mamnanuit (II) woHmapsiH
TOTBIKCHI3JIAHIBIPATHIH YIIBAJICHTTI TUTAH HOHIAPBIH TY3€ EPUTIHI KOPCETUI L.

Tyiiin ce3aep: ynbTpagucnepcTi HaHoenmeMzui yHrakrtap, namwiagud, tatan (III), wommap, «red-ox» xyite,
TOTBIKCBI3JIAHY, JUCHEPCTLIIK.
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®OPMUPOBAHUE HAHO- U YJIBTPAJUCHEPCHBIX IIOPOIIKOB ITAJIJIAIAA
B IPUCYTCTBUMU «RED-OX» CUCTEMBI «TUTAH (III) - TUTAH (IV)»

AHHOTauusi. B cratbe mpuBeneHBI pe3ynabTaThl HCCICIOBAaHMH, IOCBSLIEHHBIX pa3paboTKe crocoda MoIydeHHs
YIBTPAJUCICPCHBIX M HAHOPA3MEPHBIX MOPOIIKOB MAIUTaANs KOMOMHHPOBAHHBIM XUMHYECKHUM U JIICKTPOXUMHYCCKUM
crioco6oM B nipucyTcTBur «red-ox» cucremsl «tutad (I11) — turan (IV).

OnbITHl TPOBOAMJIMCH B TEPMOCTATUPOBAHHOW s4elike eMmkocThio S50 M mpu KomHaTHOW Temmepartype. K
CEPHOKHCIIOMY PacTBOpY, coaepikaiiemy nonsl naaaus (II), 106aBsin CepHOKUCIIBIN PACTBOP TPEXBAJICHTHOTO THTAHA.
[Ipu 3TOM mpakTH4ecKu cpa3y ke MPOMCXOIUT BOCCTAHOBIICHHE MOHOB MAJUIAJHS [0 3JIEMEHTHOI'O COCTOSIHHS B BHIE
HAHOPa3MEPHBIX IIOPOLIKOB.

YcraHOBIIEHO, 4TO TPH CMELIMBAHUU PacTBoOpa, coaepixkamiero wonsl namianus (II) u turana (II1 B 9KkBUBaJCHTHOM
COOTHOIICHHH IPU ONpPEIETICHHBIX YCIOBHUSX, B TCUCHHE IECATH CEKYHJ PacTBOP CTAHOBHUTCS OECIBETHBIM (MCXOIHBIH
pacTBOp cynib(ara TPEXBaJICHTHOIO TUTaHA UMEET (DHOJICTOBBIA IBET, a XJIOPH] MAIUIaJHs — KPACHOBATHIA IBET), T.C.
MPO3payHbIM. DTO SIBICHHE MBI MPEANONOKHUTEIFHO OOBACHAEM TEM, YTO B JTOT MOMEHT NAUIAAWN HAaXOAUTCS B
AaTOMapHOM COCTOSHHH U H3-3a OYCHb MCJIKMX PasMEpOB YaCTHL CTAHOBUTCS IMPAKTUYCCKHU HEBUIAUMBIM. Hoxa3aHo, 4qTO
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nocyie 2-3 MHHYT aTOMBl NMAJUTQAWS HAYMHAIOT OOBEAMHSTHCS (TPYNIIMPOBATHCS) APYT C APYTOM O OIPEAEIEHHOTO
COCTOSIHUSI, 00pa3ysl arjoMeparthl, B KOTOPBIX pa3Mepbl YacTHUIl 3aBHCAT OT YCIOBHi ombiTa. Jlanee, mo BceMy oObeMy
pacTBOpa 00pa3yIoTCsl KOJUIOMIHBIE YACTHIBI aJUIaIisi TEeMHOBATOTO LIBETA, YCTOMYHBOCTD 3aBUCHT OT YCIIOBHUIl ombiTa. B
OTCYTCTBUH KOAryJIIHTOB KOJIJIOMAHBIC IMaJUIaJAUCBBIC PAaCTBOPbI OCTAIOTCA yCTOﬁ‘{PIBbIMId B TeueHue 2-3 JacoB, a B
NPUCYTCTBHU JKeNaTHHA — B TeUeHUe 36 4acoB.

C NOMOIIBIO 3JIEKTPOHHOI'0 MUKPOCKOIA CHATHI MUKPO(OTOrpaduu MOPOIIKOB, TOIYYEHHBIX P PA3HBIX HUCXOJHBIX
KoHLeHTparuu noHoB mnamamust (II). YcraHoBmeHO, 4To BO BCeX OMBITaX (OPMHUPYIOTCS IOPOLIKH C YacTHLIAMH
cepuueckoii (opMbl, CpeHHE pasMepbl KOTOPBIX Konebrores B npenenax 0,116-0,240 mxwm.

HccnenoBano BiIMsHHE MCXOMHOM KOHIEHTparuu HoHOB mayuiaaus (1) Ha konmgecTBO 00pa30BaBIIMXCS MOPOIIKOB
nayuiagus 1pu A00aBJICHUM HKBUBAJICHTHOTO KOJMYECTBA HOHOB TPEXBAICHTHOTO THUTaHa. [Ipu stom OGonee 96%
HCXOIHOTO Konn4ecTBa HOHOB nautanust (II) mepexomuT B 211eMEHTHOE COCTOSIHUE B BHIE YIbTPAAUCIIEPCHOTO MOPOIIKA.

HOJ]HOTy MPOTEKaHUs OKHUCJIMTEJIbHO-BOCCTAHOBHUTEIBHOM peakuunu npu BSaHMOZleﬁCTBHM HMOHOB Majuiaaust ¢ MOHaAMH
TUTaHa ONPEISNININ Ha OCHOBE pacueTa KOHCTaHTHI peakiun «red-0X» cHcTeMbl. BennunHa KOHCTAHTHI BBIIEYKa3aHHBIX
OKHCIINTENBEHO-BOCCTAHOBUTENBHBIX chcTeM, pasHas K = 10** | naeT ocHOBaHME MPE/TIONOKHTE, YTO 00€ PEAKIIMU UIYT 10
KOHIIA CJIEBAa HANPABO U SIBILIIOTCS MPAKTUYECKH HEOOPATHMBIMH. Pe3ynbTaThl MPOBEAEHHBIX PACUYETOB MOKA3BIBAIOT, YTO
MOHBI TPEXBAIECHTHOTO THTaHA MOJHOCTHIO PACXOMYIOTCS Ha BOCCTaHOBIeHHE HMOHOB mamwtaaus (II) 10 ameMeHTHOro
COCTOSIHUSL.

Ha ocHoBe mpoBeaeHHBIX 1a0OPAaTOPHBIX HCCIEAOBAHUM IpPEATOKEeHAa HPUHLUINAILHO HOBAas TEXHOJOTHYECKAs
cXeMa TMONYYCHHUS YJIbTPAJUCIEPCHBIX IMOPOIIKOB Maiagus. B cTaTbe TakkKe NPUBOAATCS JAaHHBIE O IOJYYCHUH
BOCCTAHOBUTEJIS — CyJIb(aTa TPEXBaJCHTHOTO THTAHA.

IlpuBeneHHBIC NaHHBIC IOKA3bIBAIOT, YTO B KHCIBIX PACTBOpaxX IMPH MOJSIPH3ALMHM THTAHOBBIX 3JEKTPOJOB
MPOMBIIIJICHHBIM NEPEMEHHBIM TOKOM B OIIPEAENEHHBIX YCIOBHSX OHH HMHTEHCHBHO DPACTBOPSIOTCS ¢ OOpa3oBaHUEM
TPEXBaJICHTHBIX HOHOB THUTAHA, SIBJISIOLINXCS BOCCTaHOBUTEeM HoHOoB maanus (1I).

KiueBble ci10Ba: yibTpaJMcIiepCHbIC HAHOPa3MEPHBIE TOPOLIKH, naianuii, nonsl Tutana (I11), «red-ox» cucrema,
BOCCTaHOBJICHHE, JIUCIIEPCHOCTb.
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