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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.
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ELECTROCHEMICAL BEHAVIOR OF SILVER
IN ACID SOLUTIONS OF POLARIZATION
BY UNSYMMETRICAL CURRENT

Abstract. In the scientific work, the effect of the magnitude of the current amplitude of the anodic and cathodic
half-cycles on the current yield and the dissolution rate of silver during polarization by nonstationary currents in
solutions of sulfuric and hydrochloric acids are considered. In this study, the current density in the cathode half-
period was maintained at a constant value of 1000 A/sq.m, and in the anode half-cycle the current density varied
from 0 to 1000 A/sq.m and vice versa. A special installation was used to convert the alternating current, which
consists of an alternating current source, two diodes D1 and D2, one of which is connected in the transmission mode,
and the other in the locking, two variable resistors R1 and R2, to control the magnitude of the cathode and anode
half- R3 constant resistance, two ammeters A1 and A2, to control the current in the process of electrolysis in the
cathodic and anodic half-cycle, electrolytic cell and oscillograph. The electrodes were silver and graphite plates. It
has been established that in solutions of acids with the increase of size of amplitude of anodic semiperiod current
output and speed of dissolution rise, and with the increase of size of cathode current there is a decline current output
and speeds of dissolution of silver.

Key words: electrochemistry, electrolysis, not symmetric current, polarization, electrochemical dissolution,
closeness of current.

Silver (from all metals) possesses the highest heat and electrical conduction and is widely used in
electronics and electrical equipment. Alloyed by refractory metal, for example tungsten, silver is the ideal
material for manufacture of high-voltage switches and electric interrupters. Silver contacts in sensor
switches became as indispensable accessory of computer keypads, control panel of microwave ovens, call
keys of elevators, etc. Electrical circuits in the microprocessor chips used in micro calculators, electrical
instruments, automobiles, etc. are represented by conductors from alloys of silver and palladium.

Silver-oxide and galvanic cells (on the basis of silver oxide) have twice the high electrical capacity,
than lead (acid) elements of the same size, therefore, all of them are more often used as in accumulators to
aerospace technique and underwater fleet where is given pride of place to decreasing of mass of
equipment, and in miniature batteries for watches and calculators [1, 2].

Metal silver serves for manufacture of high-quality optical mirrors by thermal evaporation. In the
food industry, silver apparatus are used in which fruit juice and other drinks are prepared. It is known
about the row of pharmaceutical preparations in medicine containing colloidal silver [3-5].

Silver alloys are widely applied to manufacture of coins, tooth seals, bridges and artificial limbs,
tableware, in refrigerating chemical industry. Thus, processes of oxidation, restoration with an
involvement of silver and its connections and also responses of its ionization in different water solutions is
of a certain theoretical and practical interest.

Rapid development of the exact sciences in the modern world leads to origin of new methods of the
research. Recently in electrochemical researches, special attention is paid to the processes proceeding with
an electrode involvement by superimposed a. c. technique [6-12].

—— 48 ——
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Use of the nonstationary mode of electrolyzing expands the possibilities of a research of the
mechanism of the cathode and anode processes, opens essentially new opportunities of using them for the
solution of different technological questions.

In the works [13-17] are provided this to polarization of a silver electrode by an industrial alternating
current with a frequency of 50 Hz. It was set that in sulfate solution silver is dissolved with a high
efficiency in case of low current densities, and in solution of hydrochloric acid the efficiency of dilution of
silver makes only 10,4%.

It is necessary to mark that the detail researches carried out by us on a silver electrode and other
researchers studying titanium, chrome, molybdenum, lead, etc. in case of polarization by an alternating
current of industrial frequency, showed that the electrode processes proceeding with an electrode
involvement by superimposed a. c¢. technique, sharply differ both on the mechanism, and according to the
quantitative characteristics [18, 19]. In this regard we assumed that on results of the electrolyzing which is
carried out under the influence of an alternating current, the considerable impact is exerted by change of
the direction of currents, i.e. the electrode stays alternately in the cathode, in an anode half-cycle therefore
it is possible that it undergoes certain structural changes. In order to make sure the researches of
polarization by asymmetrical currents were carried out by us.

The purpose of this work was the study of electrochemical behavior of silver in case of polarization
by asymmetrical current. Change of a ratio of values of amplitudes of anode and cathode half-cycles of an
alternating current gives the chance to set dependence of efficiency of dilution of silver from a share of
current of one of half-cycles by constant value of values of current of other half-cycle.

The experiments of polarization by asymmetrical and pulse currents in 0,5 M solutions of sulfuric and
hydrochloric acids were carried out for a study of influence of values of anode and cathode half-cycles on
dilution of silver. For transforming of an alternating current the special installation offered in the work
was used [20].

The experiments were made in the 50 ml electrolyser without division of electrode spaces. Silver and
graphite plates were served as electrodes. The efficiency of dilution of metal was calculated on an anode
half-cycle of an alternating current on change of weight of a silver electrode.

Then the influence of a ratio of values of amplitudes of currents of anode and cathode half-cycles of
an industrial alternating current with a frequency of 50 Hz was probed by us.

The influence of value of amplitude of current of an anode half-cycle on efficiency and the speed of
dilution of silver is considered in case of polarization by nonstationary currents in solutions of sulfuric and
hydrochloric acids. In this research the value of a current density in the cathode half-cycle was maintained
constant, equal 1000 A/sq.m, and the current density in an anode half-cycle was changed in the range from
0 to 1000 A/sq.m. With increase in value of amplitude of an anode half-cycle the efficiency of dilution of
silver begins to increase in sulfate solution and in case of ratio i,ix = 0,6 reaches 2,2%. In case of further
increase in value of current of an anode half-cycle the efficiency and the speed of dilution of silver are
decreased, and in case of a symmetric alternating current the efficiency will be equal to 0,4% (figure 1).
From this discussion, it is explained by increase in a share of response of formation of oxygen.

With increase in value of amplitude of an anode half-cycle the efficiency on dilution of silver grows
in solution of hydrochloric acid and in case of ratio i,ix = 1 reaches 3% (figure 2). As we would expect,
with increase in value of amplitude of an anode half-cycle the efficiency and the speed of dilution are
increased to values, i.e. to a ratio of values of anode and cathode half-cycles to equal unit, i.e. responding
to a symmetric alternating current.

The study results of ratios influence of magnitude relation of amplitude of the cathode and anode
half-cycle currents on the efficiency and speed of dilution of silver in case of polarization by nonstationary
alternating currents in solutions of sulfuric and hydrochloric acids were presented respectively in figures 3
and 4.

The current density in the cathode half-cycle was changed from 0 to 1000 A/sq.m, supporting the
current density in an anode half-cycle, being equal to 1000 A/sq.m.

At the same time the efficiency of metal dilution, with increasing in a current density in the cathode
half-cycle, is gradually decreased. If in case of an anode pulse current, the efficiency of dilution was
equaled to 26%, then upon step-by-step transition to a symmetric alternating current, i.e. in case of iyi, = 1
is decreased, reaching 0.4% in solution of sulfuric acid.
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Figure 1 — Influence of correlations of sizes of amplitudes
anodic and cathode semiperiods (i,/iy) on CO of dissolution
of silver in a 0.5 M solution of sulphuric acid:
i,=1000 A/sq.m, t=0.25 hour, =25 °C
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Figure 3 — Influence of correlations of sizes of amplitudes
cathode and anodic semiperiods (iy/i,) on CO of dissolution
of silver in a 0.5 M solution of sulphuric acid:
i,=1000 A/sq.m, t=0.25 hour, t=25 °C
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Figure 2 — Influence of correlations of sizes of amplitudes
anodic and cathode semiperiods (i,/iy) on CO of dissolution
of silver in a 0.5 M solution of hydrochloric acid:
i=1000 A/sq.m, t=0.25 hour, =25 °C

BT % v MrfeM29ac
F Y F 3

r150
r120
20
F &0

- 30

02 04 06 08 10 'K

Figure 4 — Influence of correlations of sizes of amplitudes
anodic and cathode semiperiods (i/i,) on CO of dissolution
of silver in a 0.5 M solution of hydrochloric acid:
i=1000 A/sq.m, t=0.25 hour, t=25 °C

The similar course of curve dependence the efficiency — i./i, clearly is shown in solution salt acids.
Here it is also possible to control the lowering of the efficiency and speed of dilution of silver with
increase in value of the cathode current. That seemed to be connected to the fact that with increase in
value of current in the cathode half-cycle the speed of the reverse restoration of the formed ions, oxides,
sulfates or chlorides of silver in an anode half-cycle is increased.

Thus, the electrochemical oxidation of silver in case of polarization by asymmetrical and pulse
currents was explored by us for the first time and it was defined that the magnitude relation of amplitude
of the cathode and anode half-cycles has a great impact to the efficiency and silver dilution speed.
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1988. P. 94-118 (in Russ.).

A. B. Baemos', J. K. Tynemosaz, A. K. Baemosa’®

' «JI. B. COKOJIbCKHiT aThIHAAFBI JKAHAPMAIA, KATATH3 KOHE HTEKTPOXUMHUS UHCTUTYTH AK,
Anmarel, Kazakcras,
?Koxa Axmer Slcayu aTbiHAarbl XalbIKapasblK Ka3ak-Typik yHuBepcureti, Typkicran, KazakcraH,
3 Ab-Mapabu atbinaars: Kasak yITThIK yHEBepCHTeTi, AnMaThl, Kasakcran

KbIIIKbIJI EPITIHAIVIEPIHAE CUMMETPUAJIBI EMEC
TOKIIEH NOJISAIPU3AIUAJTAFAHIA KYMICTIH JIEKTPOXUMUSAJIBIK KACHETI

AnHOTanusi. FeulbIMH JKyMbICTa CTallMOHApIBI €MEC TOKIEH IOJIsipU3alMsUIaralia KYKIpT JKoHE Ty3 KhIII-
KBUIIAapbIHBIH ePITIHALIepiHIe aHOATHI )KOHE KaTOATHI KapThUIail epHOATapBIHAAFbl TOK aMIUIHTYAACHIHBIH IIaMa-
CBIHBIH KYMICTIH epyiHiH TOK OOWBIHIIA MIBIFFIMBIHA JKOHE epy JKBUIIaMIBIFBIHA dCepi KapacTHIPBUINBL. by 3ept-
TeyJe KaTOATHI JKAPThLIAil TEPHOATA TOK THIFBI3ABIFGIHBIH ITaMackl TypakTsl 1000 A/M°, al aHOATHI KapThUIaii
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TIePHOATA TOK ThIFBI3ABIFE O-1eH 1000 A/M> apanbiFbiHIa ©3rePTiTin Typ/bl. ARHBIMATBI TOKTBI TYPICHAIPY YIIiH
apHaiBl KOHABIPFBI MAIaaHBUIIbL, OJT aHBIMANBEI TOK Ke3iHeH, eKi auoarapaas J[1 sxoHe J[2, KaTOATHI )KOHE aHO-
THI KapPTHUTA TIEPUOATAPAAFEl TOKTHIH MOHIH peTTey YIIiH €Ki aHbIManbl pesuctopiap R1 sxone R2, R3 TypaxTs
KeZIepri, aHOJThI )KOHE KaTO/ThI KapThUIail IIepHOATAPIAFbl TOK KYIIIH Oakpuiay yiniH eki amnepmerp Al xone A2,
3NEKTPOJMTTIK YAIIBIKTaH JKOHE ocnmutorpadraH Typalsl. DJIEKTPOATAp PeTiHAe KYMIC KoHe rpaduT IUIaCTHH-
Kaapbl KOJIIaHBUIIBI.

KpImKpL1 epiTinainepinae aHOATH JKapThUlaid MEPUOATHIH NIaMachIHBIH apTYbIMEH KYMICTIH €py KbUIIaMIbIFbI
JKOHE TOK OOMBIHIIIA IIBIFBIMBI KOFAPBUIAMIBI, KATOITHI >KapThUIail MEPUOATHIH IIaMachkl apTYbIMEH KYMICTIH epyiHiH
TIII xoHe epy KbULAaMABIFbl TOMEHACHTIHI aHBIKTaII/IbL.

Ty#iH ce3fep: 2MEKTPOXUMHUS, NEKTPOIU3, CUMMETPUSIIBI €MeC TOK, MOJSPU3ALUs, IEKTPOXUMUSIIBIK €py,
TOK TBIFBI3/IBIFBI.

A. B. Baemos', 3. %K. Tyzemosa’, A. K. baemopa®

'AO «HCcTuTyT roprouero, katanusa u anekrpoxumun um. . B. Cokonbckoro», Anmarsl, Kazaxcras,
*MexIyHapOIHbIil Ka3aXCKO-Typelkuii yaupepcuter um. Xomku Axmena Scasu, Typkecran, Kazaxcran,
*Kasaxckuil HALMOHAIBHBII yHUBepcHTeT MM. anb-Dapabu, Anmarsl, Kazaxcran

SJEKTPOXUMHMNYECKOE IOBEJEHUE CEPEEPA
B KU CJIBIX PACTBOPAX ITPHU NOJIAPU3ALIMU HECUMMETPUYHBIM TOKOM

AnHoTanusi. B Hay4HOI paboTe paccMOTpeHBI BIMSHME BEJIMYMHBI aMIUIUTYABl TOKA aHOJHOTO M KaTOIHOTO
MOJIYIIEPHOJIOB Ha BBIXOZ MO TOKY ¥ CKOPOCTh PacTBOpEHHs cepedpa MpH NONISIpU3aliK HECTAlMOHAPHBIMUA TOKaMH B
pacTBOpax CEpHOW M COJSIHOW KHUCIOT. B JaHHOM HccienoBaHMM BEeMMYMHA IUIOTHOCTH TOKAa B KaTOAHOM IIOJY-
TepHOIE TIO/IEPKUBANIACH TOCTOSAHHAs, paBHas 1000 A/M”, a B aHOJHOM TIOJTyHEPHOJIE IIOTHOCTh TOKA MEHSIIACH B
untepsaie ot 0 10 1000 A/M* u HaoGopor. st peobpa3soBaHus IEPEMEHHOIO TOKA HCIIOIB30BANACH CHELHANbHAS
YCTaHOBKA, KOTOpasi COCTOUT U3 HCTOYHHUKA [IEPEMEHHOT0 TOKa, IBYX 11008 J1; u [l,, OTMH M3 KOTOPBIX MOIKITIOYEH
B IPOITYCKAIOIIEM PEXUME, a JPYToH - B 3alIMParoLIeM, JIBYyX IIEPEMEHHBIX pe3ucTopoB R, u Ry, st perynupoBanns
BEJINYMHBI TOKOB KaTOAHOTO M aHOJHOTO MOJYNEpPHOI0B, R; IMOCTOSHHOE CONPOTHBIICHHUE, ABa amriepMeTpa A U A,,
JUIs. KOHTPOJIMPOBAHMS CHJIBI TOKa B MPOLECCE JIEKTPOIN3a B KATOAHOM U aQHOJHOM HOJIYIIEPHOJIE, HIEKTPOIUTH-
YEeCKOW SUYEHKH U ocLuuiorpada. DIeKTpoaMH CITy>KHITH cepeOpsiHast U rpadUToBas IUIACTUHKH. Y CTAaHOBJICHO, YTO
B PacTBOpax KHUCJIOT C YBEINYEHHEM BEJIMYMHBI aMIUIMTYAbl aHOAHOTO Tosynepuoga BT u ckopocTs pacTBopeHus
TIOBBIIIAETCS, @ C YBEJIMUEHUEM BEJIMYMHBI KaTOJHOTO TOKa Habmromaercst cHwkenue BT u ckopocTu pacTBopeHus
cepebpa.

Ki1roueBble c10Ba: 3JIEKTPOXUMUS, JJIEKTPOIN3, HECHMMETPUUYHBIH TOK, MOJISAPHU3ALUS, 3JIEKTPOXUMHUYECKOE
pacTBOpeHHe, IFIOTHOCTh TOKA.
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