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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences 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 News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ELECTROCHEMICAL RULES
OF FERRUM-ALUMINIUM ELECTRODES PAIR DISSOLVING
WHEN POLIRIZED WITH ALTERNATING CURRENT

Abstract. The purpose of this work is to research electrochemical rules of dissolution of a pair of ferrum-
alluminium electrodes when polarized with 50 Hz industrial alternating current. The process of dissolution of ferrous
and aluminium electrodes was researched (Fe-Al) in water solution of chlorohydric acid with electrolysis method. It
was established, that when current density is alternated within interval of 100-300 A/m?, dissolving current output of
aluminium electrode increases from 62 to 90,4 %, and for ferrous electrode increases from 12 to 34 %. It is estab-
lished that along with increase of chlorohydric acid concentration, dissolving current output for ferrous electrode is
not changing. At the same time dissolving current output for aluminium electrode is increasing. Results of research
as regards impact of electrolysis time upon the process showed that together with increase of time, ferrum dissolving
current output with creation of ferrum ions remains stable. At the same time aluminium dissolving current output
with time decreases. It is established, that within the temperatures range 25-70 °C, together with its increase the pro-
cesses of ferrum and aluminium dissolution intensify. Possibility to synthesize mixed salts of researched metals by
ferrum and alluminium polarization with alternating current in chlorohydric acid is demonstrated.

Key words: electrochemistry, electrolysis, aluminum, ferrum, coagulant, current density, concentration, elec-
trode, alternating current, temperature.

Electrochemical method is one of environmentally friendly technologies [1-6]. Therefore application
of industrial alternating current for the purposes of synthesis of metal compounds from water medium, that
are significant for national economy, gives opportunity for resolving a range of problems connected with
purification of natural water bodies and making coagulant for these purposes [7].

Suspended dispersed and colloidal particles in water in the majority of cases have equal charges, that
preconditions appearing of intermolecular repulsion powers and aggregate stability. Since water
purification technology envisages partial or complete removal of impurities, they try to destroy particles’
stability, removing their charge or decreasing it to very small values. This effect is obtained by adding to
the water sulfates of aluminium, ferrum (II) and ferrum (III), aluminium chloride, ferrum chloride (III),
aluminate of soda, aluminium oxychloride and other substances that being coagulants either violate
aggregate stability or create hydrolysis-caused colloids absorbing alloys from water [8-16].

Dissolving of ferrous electrode together with aluminium electrode when polarized with alternating
current was researched (table 1). This type of experiment was intended for electrochemical synthesis of
ferrous-aluminium coagulant in acid solutions. The experiment showed that within interval of current
densities 100-300 A/m” dissolving current output for aluminium electrode comprised not more than from
62 to 90,4 %, and for ferrous electrode increased from 12 to 34 %. Dissolving current output for ferrous
electrode compared to aluminium electrode is less. In anodic half period the increase of electrode chemical
dissolution happens due to substantial hydrogen disengagement speed up on the surface of electrode,
which gives alkaline characteristics to the solution.
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Table 1 — Impact of current density upon mixed ions creating current output
when aluminium ferrous electrodes pair is polarized with alternating current

i, A/m’ 100 150 200 250 300
BT (Fe), % 12,0 13,1 16,2 25,0 34,0
BT (Al), % 62,0 62,4 87,0 89,3 90,4

Note: HC1 — IM; t = 1,5 hour; t = 25°C.

Emergence of aluminium ions (III) when polarized with alternating current is explained by the fact
that aluminium electrode dissolves in anodic half period and aluminium ions (III) disengage in the
process, while in cathodal half period hydrogen ions discharge on the surface of the metal.

Al’+3 e >Al” (1)
2H" +2e — H, (2)
Standard electrode potential of ferrum transfer into ions has negative values:
Fe —2e — Fe*" E’=-0,44 V (3)
Fe-3e > Fe' E'=-0,04 V 4)

However, the oxide layer emerging on its surface in atmospheric conditions does not allow the metal
to dissolve in the water, but ferrum is slightly dissolvable in acids, for example, in chlorohydric acid,
however, the speed of dissolution is not high.

Fe +3HCl — FCC13 + Hz (5)

Main reaction going on during anodic oxidation of ferrum in chlorohydric acid — dissolving of metal
with creation of two- and trivalent ions, and creation of oxide layer on it if current density is high.

Process of depassivation of certain part of metal in presence of chloride ions is shown in the literature
[17-20]. With adsorption method, it pushes out from the metal surface passivating oxygen, which in the
end increases speed of dissolving process.

Chlorohydric acid concentration impact upon ferrous-aluminium electrode dissolving current output
and upon creation of mixed compounds (table 2) was researched. With current density of 150 A/m” and
chlorohydric acid concentration increase up to 4M, ferrous electrode dissolving current output does not
change, while aluminium electrode dissolving current output increases up to 200 %. In ferrous-aluminium
electrodes’ pair due to negative value of standard potential of the aluminium electrode, active dissolution
of this electrode is observed in anodic half period, while ferrous electrode in this half period is almost not
dissolving. It can be explained by the fact that alternating current increases speed of metal oxide film
dissolving and chemical dissolution process happens; all these processes result in increase of aluminium
electrode current yield.

Table 2 — Impact of chlorohydric acid concentration on ferrum and aluminium dissolving current yield
when ferrous-aluminium electrode pair is polarized with alternating current

C,H 1,0 2,0 3,0 4,0
BT (Fe), % 18,3 18,3 18,2 18,2
BT (Al), % 72,1 95,1 142,5 200,0
Note: i =150 A/m* t= 1,5 hour; t = 30°C.

As it is obvious from table 3, if electrolysis is extended, ferrous electrode dissolving current output
with creation of ferrum ions (II) comprises 20 % and the value stays stable with the flow of time, while
aluminium electrode dissolving current output decreases. In galvanic ferrous-aluminium pair of electrodes
passivation of ferrous electrode in chlorohydric acid is observed. In galvanic pair of electrodes the process
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of ferrum chemical dissolution happens when disconnected from electrodes circuit as well. Ferrous-
aluminium pair of electrodes, when polarized with alternating current in acid solutions, aluminium ions
(IIT) creating current output decreases if electrolysis process is extended. After a period of time decrease
of aluminium dissolving current yield is explained by passivating, which happens due to the fact that
electrolysis product covers the electrode surface and concentration polarization occurs.

Table 3 — Impact of electrolysis period on ferrum and aluminium dissolving current output
when ferrous-aluminium pair of electrodes is polarized with alternating current

T, hour 0,5 1,0 1,5 2,0 3,0
BT (Fe), % 20,0 20,0 20,1 20,1 20
BT (Al), % 79,0 75,0 71,2 60,5 39,1

Notes: HCl - 1M; i = 150 A/m?; t = 25 °C.

In further experiments, researches as regards impact of temperature upon dissolving current output
for ferrous-aluminium pair of electrodes when polarized with alternating current (figure) were carried out.
In the process of polarization with alternating current, if electrolyte temperature is increased up to 70 °C,
ferrous electrode dissolving current output increases from 31 to 79,6 %. This phenomenon is explained by
the fact that ferrum surface at high temperature partially looses oxide film and together with electro-
chemical dissolution ferrous electrode’s chemical dissolving is increasing. Aluminium electrode current
output increases from 65,5 to 88,2 %.

BT.%
90 -

80+

70

Impact of temperature upon dissolving current output
for a pair of ferrous (1) - aluminium (2) electrodes when polarized with alternating current:
HCI - 1M; i = 150 A/M*; t= 1,5 hour

Increase of current output at high temperatures is connected with speed up of additional reactions of
hydrogen disengagement on an electrode, which increases pH alkalinity in the solution around surface of
the electrode in this way activating mechanism of electrode chemical dissolving.

Therefore, we have researched process of ferrum and alluminium dissolving with application of
50 Hz industrial alternating current by dissolving a pair of ferrum-aluminium electrodes. Based on the
results of researches, absolutely new electrochemical methods of ferrum and aluminium compounds
synthesis from metal waste (metal scrap and chips), which are frequently uses as coagulants for waste-
water treatment from dispersed pollutants, were developed.
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SJIEKTPOXUMHNYECKHUE 3AKOHOMEPHOCTH
PACTBOPEHMUS IMAPBI QJIEKTPOJIOB KEJE30-AJTIOMUHAA
IMTPU MMOJIAPU3AIIMN IEPEMEHHBIM TOKOM

AHHoTanusi. llens cocToMT B HMCCIEIOBAaHMM JIIEKTPOXMMHUYECKHX 3aKOHOMEPHOCTEH pPacTBOPEHHMS Maphl
AIIEKTPOIOB KEJe30-AMIOMUHINA TIPH MOJISPU3ALUHU IPOMBIIUICHHBIM IIepeMEeHHBIM TokoM dactotoi 50 I'm. Mccie-
JIOBaH TIPOIIECC PACTBOPEHUS XKEJIE3HOTO U alFOMHHHEBOTo 3eKTpooB (Fe-Al) B BomHOM pacTBOpe COJSIHOW KHC-
JIOTBI METOJIOM JIEKTPOIN3a. Y CTAHOBIICHO, YTO MPH H3MEHEHHUH IIOTHOCTH TOKa B uHTepBane 100-300 A/M* BBIX0A
10 TOKY PAacTBOPEHHS AIIOMHHHEBOTO 3JIEKTpoja yBenmuuBaeTcsa ¢ 62 1o 90,4 %, a jKene3HOro 3JIeKTpoja yBEIH-
ynBaetcs ¢ 12 1o 34 %. [TokazaHo, 4TO IpY NOBBIIIEHNH KOHIEHTPALUH COJITHON KHCIOTHI BBIXOJ MO TOKY PacTBO-
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PEHUSI KEJE3HOTO JIEKTPOa OCTAETCS HEU3MEHHBIM. B TO jke BpeMsi BBIXO[l 110 TOKY PAaCTBOPEHHUS aJFOMUHHEBOTO
ANIEKTPOJa yBeNUUUBaeTCs. Pe3ynbTaThl UCCIIEIOBAaHUN MO BIMSHHIO BPEMEHH 3JIEKTPOJIM3a IMOKA3aJld, YTO C yBe-
JMYCHUEM NPOJODKUTENLHOCTH, BBIXOJ] [0 TOKY PAacTBOPEHHs Xkeje3a ¢ 0Opa3oBaHMEM HOHOB JKelle3a OCTaeTCs
MOCTOSHHBIM. [IpH 3TOM BBIXOJI [0 TOKY PACTBOPEHHS aTFOMUHUS C TEYCHUEM BPEMEHH MOHMKAETCs. Y CTAHOBJICHO,
9TO0 B Auana3zoHe temmneparyp 25-70 °C, ¢ ee MOBBIIIEHHEM MPOIECCH PACTBOPEHUS KelIe3a W aJIOMHHUS WHTCH-
cuduumpyrorcs. [lokazana BO3MOKHOCTh CHHTE3MPOBAHUS CMEIIAHHBIX COJIEH UCCIIeyeMbIX METAJUIOB MYTEM MOJIs-
pH3aluK epEeMEHHBIM TOKOM JKeJie3a M alIFOMHHUSI B COJISTHON KHCIIOTE.

KioueBble ci10Ba: 3JIEKTPOXUMHUSI, 3JICKTPOJIU3, AIIOMHHUM, JKeJe30, KOAaryJsHT, TUIOTHOCTh TOKA, KOHIICH-
TpaLsi, 3JIEKTPO/I, IEPEMEHHBIN TOK, TeMIeparypa.
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AﬁHBIMAﬂBI“TOKHEH MNOJAPUSAIUSATIAHFAH
TEMIP-AJIIOMUHUMU SJIEKTPOJATAPDBI )KYBbIHbIH EPYIHIH
SJIEKTPOXUMMUSAJIBIK 3AHABIIBIKTAPBI

AnHoTauusA. JKyYMBICTBIH MaKcaThl TEMip-aJlOMUHUHN 3JIeKTpoATap KyObIH xuimiri 50 I'm GoaraH eHmipicTiK
affHBIMAITBI TOKIICH IMMOJIIPH3ANMsIIAY Ke3iHAe OJapAbIH epyiHiH AIEKTPOXUMUSIIBIK 3aHJANBIKTAPBIH 3epTTEY OOIBIT
TaOBUTAIBI. DIEKTPOIH3 9IiCi aPKBUIBI TY3 KBIIIKBUTBIHBIH CYIIBI epiTiHAiciHAe amroMuHAlN xoHe TeMip (Fe-Al) amek-
TPOATAPBIHBIH epy mporecci 3epTreni. Tok TeiFb3aAbFsH 100-300 A/M* apaibIFBIHIA ©3TEPTKEHAC ATIOMHHHIA
AIIEKTPO/IbIHBIH €PYiHIH TOK OolbIHIIA MIBIFBIMBI 62%-1aH 90,4 %-Fa, all TeMip 3JeKTPOABbIHBIH epYiHiH TOK OOMbIH-
nra meirbIMbl 12%-nan 34 %-ra [aeifiH eceTiHAiri aHbIKTaNAbl. Ty3 KBIIKBUIBIHBIH KOHIICHTPALUACH OCKCH CailbiH
TEMIp 3JIEKTPOJBIHBIH €pYiHIH TOK OOWBIHILIA IIBIFEIMBI ©3TepMEHUTIHIITT KopceTini. Anaiina, ockl xarnaiina ajro-
MUHHIA 3JICKTPOJABIHBIH €PYiHIH TOK OOMBIHINA MIBIFBIMBI OCETIH/ITT aHBIKTAIABI. DJICKTPOJU3 YaKbITBIHBIH OCEpPiH
3epTTey OOWBIHINA ABIHFAH HOTIDKEIIEP YaKBIT OTKCH CAlbIH TeMip JICKTPOJIBIHBIH OHBIH MOHAAPBIH TY3€ epYiHIH
TOK OOMBIHIIA IIBIFBIMBIHBIH Oip KaJBINThI OOJIATBIHIBIFBIH KOPCETTI. AJ, aIIOMHHHNA 3JEKTPOJBIHBIH €pYiHiH TOK
OOMBIHINA IIBIFBIMBI YaKBIT OTKEH CailbiH ToMenaeiai. Epitinai Temmneparypacsiabie 25-70 °C apansiFbiHaa ocyi Te-
Mip JKOHE ATIOMUHHUIIIH KapKbIHIBI €pyiHE aJbII KEIETIHIIT aHBIKTaIIbl. Ty3 KBIIIKBUIBIHIA TEMIpP JKOHE aTFOMH-
HU MeTalJapbhlH aifHBIMANbl TOKIIEH MOJSpU3AIFsUIay Ke3iHIe OJIapIbIH apanac TY3IapblH alyFa OONaTBIHIBIFBI
KOpPCEeTiI .

TyiliH ce3aep: 3MEKTPOXUMUS, AIIEKTPONIN3, ATFOMUHUHN, TEMip, KOATyJISHT, TOK THIFBI3IBIFGI, KOHIICHTPAIIHS,
ANEKTPOJ, aifHBIMAJIBI TOK, TEMIIEpaTypa.
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