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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies 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 chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
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Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
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akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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DISSOLUTION BEHAVIOR OF BRASS POLARIZED BY ALTERNATING CURRENT
IN SODIUM PHOSPHATE AQUEOUS SOLUTION

Abstract. The electrochemical behavior of Cu-Zn alloy (brass) polarized with industrial - frequency alternating
current has been studied for the first time in aqueous sodium phosphate solution. The effects of current density in
brass (200-1200 A/m?) and titanium (20-120 kA/m?) electrodes, sodium phosphate solution concentration (0,5-2,0
M), alternating current (AC) frequency (30-180 Hz) and electrolysis duration (0,25-1,5 h) on the alloy dissolution
current efficiency were considered.

Intensive brass dissolution by forming copper (II) and zinc (II) ions during the electrolysis in alternating current
mode was shown for the first time. In the case of direct current (DC) electrolysis, the current output value of alloy
electrochemical dissolution was very low. As the current density of the alternating current polarized brass electrode
was increased, the current output rate of the alloy dissolution increased initially and decreased to 400 A/m?, where
(400 A/m®) alternating current value comprised 80% in an optimal condition. When the titanium electrode current
density was increased, the brass dissolution current efficiency showed a maximum value; the current output of Cu
(I1) and Zn (II) ions formation at current 60 kA/m’® density was 50% and 30%, respectively. As the electrolysis
duration and the AC frequency are increased, the brass electrode current efficiency is reduced.

On the basis of obtained results, the potential of copper and zinc phosphate synthesis was shown.

Key words: brass, alternating current, electrolysis, sodium phosphate, titanium electrode.

At present, the use of alternating current in studying alloy electrochemical properties and in the
synthesis of its important compounds is of great interest. Electrochemical processes are used to solve
various topical issues in the field of production. Rather than direct current, alternating current allows to
create simple, yet rational technological processes [1].

Alloys electrochemical dissolution is a very complicated process. An alloy of copper with zinc is
called brass; by composition they may be red brass (containing less than 20% zinc), yellow brass (20-50%
zinc), white brass (50-80% zinc) and special brass (containing lead, nickel manganese, iron, silicon,
beryllium, etc. alongside with copper and zinc). The alloy electrochemical dissolution depends on
dimensional ratio of its components and nature of the solution [2]. The more copper-based alloys are used,
the more their residuals size in the environment increases as well. Digestion of metals from solid alloy
wastes is an important source of production, since it reduces load on the environment [3, 4]. Subsequently,
the demand for copper alloys, especially for brass (C38500) is great due to the development of automobile
industry and the construction industry. Therefore, a thorough study of copper alloy properties is one of the
main tasks today [5].

In this regard, it is important to develop different methods of processing solid alloy residuals on the
basis of copper and zinc.

As the copper contains Cu 87%, Zn 13.67% and other impurities 0.33%, the brass electrochemical
dissolution is similar to the copper electrochemical dissolution properties. Therefore, the copper
electrochemical properties can be applied to the Cu-Zn alloy [2].
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A.B. Bayeshov and et al. developed a method of obtaining copper (II) sulfate by the industrial
alternating current polarization [6]; while the method of obtaining copper (I) chloride and copper bromide,
inorganic copper and zinc compounds was developed by A.S. Kadirbayeva and R.N. Nurdillayeva [7-9].

With a view of obtaining copper salts, the electrochemical properties of copper were studied in
sodium carbonate, sulfuric acid, potassium iodide, potassium bromide, and sodium sulfate, neutral and
acidic media [10-15].

Corrosive [16-17] and electrochemical [18-21] properties of brass in aqueous solutions have been
studied in a number of works. The electrochemical dissolution of brass was investigated by
potentiodynamic polarization and cyclic voltammetry methods with and without the presence of Cl ions in
NaHSO; solution. The results of this work indicated that brass dissolution was accelerated by increasing
HSOs concentration [18]. The electrochemical properties and passivation of Cu-30Zn alloy in the alkaline
medium have been considered, increasing the NaOH concentration on the potentiodynamic curves basis
has led to an increase in corrosion current density [19]. In the following study, the electrodisolution brass
(60.8Cu-36.3Zn-2.9Pb) and pure copper were comparatively studied in 0.1 M HCI using cyclic
voltammetry and a rotating ring-disc electrode and similarity of dissolution mechanism of copper and pure
copper in the brass composition was discovered [20]. The electrochemical properties of o, [ -brass
(CuZnyPb,) were investigated at different pH values in basic nitrate solutions. The study indicated that the
extent of the dezincification was affected by presence of Pb in the alloy but the pH value was determined
to be a key parameter [21].

Literature data show that brass electrode electrochemical properties in aqueous sodium phosphate
solution have not been investigated.

Results and discussion

In the present work, the brass electrode electrochemical properties were studied in aqueous sodium
phosphate solution polarized with industrial-frequency alternating current. Due to the slow
electrochemical reactions in the polarization of the brass electrode by direct current, an alternating current
was used in our study. The achievement of using alternating current during the electrolysis was noted by
the authors of [22] work.

During the alternating current polarization, the electrochemical dissolution of Cu-Zn alloy in the
sodium phosphate aqueous solution was investigated at the range of 200 to 1200 A/m” (Fig. 1). When the
current density is increased up to 400 A/m’, the current efficiency in Cu (II), Zn (II) ions formation and
brass dissolution gradually increases. When the current density increased up to 1200 A/m?, the decrease in
the alloy dissolution current output occurred. This can be explained by the increase in the additional
reactions rate due to the current density increase.
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Figure 1 - The effect of the brass electrode current density on the current efficiency
of the AC polarized Cu-Zn alloy dissolution: i;=60 kA/m?, [Na;PO,4]=1.0 M, ©=0.5 h.
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The effect of the additional titanium electrode current density on the electrochemical dissolution of
the brass electrode polarized with alternating current in a neutral medium was investigated (Figure 2). An
increase in the current efficiency rate of Cu (II) ions formation and the total brass dissolution by
increasing the current density of titanium electrods from 20 kA/m® to 60 kA/m* can be explained by an
occurrence of an oxide layer with a valve property on the titanium electrode surface in the anodic half-
period. Further increase in the titanium electrode current density has led to a reduction in the current
output. This is because the oxide layer surface structure in the titanium electrode changes due to the

current density increase and its current correction property decreases.
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Figure 2 - Effect of titanium electrode current density on the current efficiency
of the brass electrode dissolution polarized with alternating current: ig=400 A/m?, [Na;PO,]=1.0 M, 1=0.5h.

The effect of sodium phosphate solution concentration on the current efficiency of brass electrode
dissolution polarized with alternating current was studied in a range 0.25 and 1.5 M (Fig. 3). As the
sodium phosphate concentration increases, the current output of the brass electrode dissolution increases,
but it decreases from 1.0 M. The reason is that as the electrolyte concentration increases, the brass

electrode surface area is covered with saline coating and the brass electrode passivation takes place.
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Figure 3 - Effect of sodium phosphate concentration on the current efficiency of brass electrode dissolution polarized with

alternating current: i; = 60 KA/m>, ig =400 A/ m%, t = 0.5h.
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The current efficiency decrease of copper, zinc ions formation and brass electrode dissolution due to
the alternating current frequency increase can be observed in Figure 4. It can be assumed that the required
time for the occurrence of the alloy oxidation reaction by forming copper and zinc ions can not be
provided due to the rapid periods changes at high current frequencies.
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Figure 4 - AC frequencies effect on the current efficiency of brass electrode dissolution polarized with alternating current: i;=60
KA/ m?, ig=400 A/m?, [Na;PO,4]=1.0 M, 1=0.5 h.

Figure 5 shows the electrolysis duration effect on the brass electrode current current efficiency. As
the, electrolysis duration increases, the brass electrode current output decreases. As the electrolysis
duration increases, electrodes electrolysis products begin to passivate with poorly soluble copper and zinc
products. It is explained by the formation of blue saline coat on the electrode surface.
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Figure 5 - The electrolysis duration effect on the current efficiency of brass electrode dissolution polarized with alternating
current: i7=60 A/ m% iz=400 A/m’ [Na;PO,]=1.0 M

Figure 6 shows the solution temperature effect on the brass electrode current efficiency. In our study,
a decrease in current efficiency value of Cu (II) ions formation beginning from 30 °C was observed due to
the increase in electrolyte temperature and the linear increase in the current efficiency value of Zn (II)
ions formation took place. As the solution temperature increases, zinc chemically interacts with the
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hydrogen ions and thereby its ionization potential is facilitated. The total current output of the alloy
dissolution increased up to 40 °C and slowed down at higher temperatures.
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Figure 6 - The electrolyte temperature effect on the current efficiency of brass electrode dissolution polarized alternating current:
ir=60 A/m?, i5=400 A/m?, [Na;PO,]=1.0 M, t=0.5 h.

Summing up, the electrochemical dissolution laws of the brass electrode polarized with alternating
current in a neutral medium - sodium phosphate aqueous solution have been systematically studied for the
first time. The study results showed that the electrochemical process was intensified when replacing one of
the two brass electrodes into the titanium wire. The basic electrochemical parameters effect on the brass
electrode dissolution by forming copper and zinc ions in (Na;PO4) sodium phosphate solution were
investigated and the effective alloy dissolution conditions were considered: (iz=400 A/mz, 11i=60 kA/mz,
[Na;PO4]=1.0 M, v=50 Hz, t=30°C).
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AMHBIMAJIBI TOKIIEH TMOJISIPU3AIUSIIAHFAH JKE3/TH HATPHIA ®OC®PATHI CY.JIbI
EPITIHAICIHAETT EPY 3AHJIBLIBIKTAPBI

AHHOTanMsA. OHTIPICTIK J>KUUTIKTErl alHBIMaNbl TOKIEH moispuiamusuianFad Cu-Zn Ky#dMacel - JKe3MiH
SIIEKTPOXMMISUIBIK KacueTi HaTpuil Qocdarsl cynbl epiTiHmiciHae anram per 3eprrengi. Kyiima epyiHiH TOk
Goitbinma mbFbMbiHA (TII) sxe3 (200-1200 A/m?) xome tutan (20-120 KA/M®) 3IEKTPOATAPHIHAAFHI TOK
THIFBI3IBIKTAPBIHBIH, HATpUl (ocdaTsl epiTiHaici kKoHIeHTpanusackHbH (0,5-2,0 M), altHpIMaIk! TOK skuiniridig (30-
180 I'm), amextponm3 y3akTeIFBIHBH (0,25-1,5 car.) acepiepi KapacTHIPBUIIHL

AWHBIMAIBI TOK PEKUMIHIET 3ekTponn3 Kesinge xes3mid Mbic (II) »xone wmbipbimt (II) woHmApbiH Ty3e
KapKbIHIBl CPUTIHIOIN ayFam  peT KepceTurmi. AJ, TyYpakTbl TOK DJJIEKTPOHM3 OapbIChiHIA KYHMAaHbBIH
eKTpOXUMUSUIBIK  epyiniH TIII MoHi eTe TemeH Oomjubl. AWMHBIMANBI TOKIEH MOJSIPU3ALMSIIAHFAH JKe3
AJIEKTPOIBIHAAFBI TOK THIFBI3BIFBIH JKOFAPBUIATKAH CabIH KyiMa epyiHiH TOK OOMBIHINA IIBIFBIMBI aJFalllbIHIA
xorapbuian, 400 A/m’-Gactan GipKenKi TOMeHen, OHTAMIb Karaaiina (400 A/m?) TII moni 80% kypamsl. Tutan
AJIEKTPOIBIHAAFBI TOK THIFBI3IBIFBIH apTThIpFanaa KyiiMa epyiie TII MakcuMyM apKbUIbI ©TIIl, TOK THIFBI3ABIFEI 60
kA/M” kesinae Cu (IT) xone Zn (1) nonapsr Tysinyinin TI coiikecinme 50% xone 30% Kypazsl. XKe3 epyiHin Tok
OoiibiHma mwerbMEL 1,0 M Hatpuii ¢ocdarsl epiTiHAiciHAe MaKCUMAJIABI MOHAI KOPCETTi. DJIEKTPOJIU3 Y3aKThIFbI
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MeH aifHBIMANlbl TOK JKHUINITIH apTTHIPFaH CAalbIH JK€3 AJIEKTPOIBIHBIH TOK OOWBIHINA MIBIFRIMBI TOMEHICHTIHIT]
AHBIKTAJIBL.
AJBIHFaH HOTIDKEIEPAiH HeTi3iHIe MBIC ’KOHE MBIPHIII (ochaThlH CHHTE3ACYNIH MYMKIHIIUTIKTEP1 KOPCETUIII.
Tyiiin ce3aep: xe3, alHBIMAIIBI TOK, SJIEKTPOIIH3, HATPUH (HocdaThl, TUTAH IJICKTPOILL.
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P.H. Hypauinaesa ', A.B. Baemos %, JI.A. Cynaty/uiaesa ', I H. KbLibic6aeBa’

'"MexayHapOIHbIIT Ka3aXCKO-TypelKuil yuuBepcuter uM. Xomku Axmena Slcasu, TypkecTan
’AO «HCcTuTyT TOUIMBA, KaTtanu3a U anaekTpoxumun uM. J1.B.Cokonbckoro», Aamarsl

3AKOHOMEPHOCTHU PACTBOPEHNSA JIATYHHU B BOJHOM PACTBOPE ®OCPATA HATPUSA
IPHU NMOJIAPU3AIIMA TIEPEMEHHBIM TOKOM

AnHoTauusi. BrepBrle uHccremoBaHO JNEKTpOXMMHYECKoe moBereHne cruaBa Cu-Zn - JaTyHH 0pH
MOJISIPA3ALMHU TIEPEMEHHBIM TOKOM IIPOMBIIIICHHON 9acTOTHI B BOJAHOM pacTBope ¢ocharta Hatpus. PaccMorpero
BIIMSIHEE TUIOTHOCTH TOKA Ha JATYHHOM aiekTpoxe (200-1200 A/m%) u turanoBom smektpome (20-120 xA/MP),
KOHIICHTpaluu pacTBopa Qocdara nHatpus (0,5-2,0 M), gactorsl mnepemeHHoro Toka (30-150 T'm) u
NPOJOJDKUTENBEHOCTH 3ekTposn3a (0,25-1,5 wac) Ha Beixox no Toky (BT) pacTBopenus crasa.

BriepBble mOKa3aHO, 4YTO TpU IEPEMEHHOTOKOBOM pPEKHME 3JEKTpPOJIM3a IPOMCXOANUT HHTEHCHBHOE
pacTBOpeHue ciuiaBa ¢ obpasoBanueM noHOB Meau (II) m mmuka (II). Ilpm anexrposm3e ¢ MOCTOSHHBIM TOKOM
3HadeHne BT 3MeKTpOXMMHUYECKOTO PacTBOPEHHS CIDIaBa OBUIO 3HAYMUTENHHO HIDKE. [IpM MOBBIMICHUH IIOTHOCTH
TOKa Ha JIATYHHOM JJIEKTPOJIe, OJSIPHU30BAaHHOM NIEPEMEHHBIM TOKOM, BBIXOJ TI0 TOKY PAaCTBOPEHHS CIUIaBa IIABHO
CHIDKAeTCS M IIPM ONTHMAIBHBIX ycrnoBusix (400 A/m”) 3uauenne BT coctamio 80%. IIpu M3MEHEHHH IIOTHOCTH
TOKa Ha TUTAaHOBOM aJiekTpoae BT pactBopenms crumaBa mpoxout yepe3 makcumyM U BT oOpazoBanus monos Cu
(IT) u Zn (IT) cocrassier, cOOTBETCTBEHHO, 50% 1 30% MpPH MIOTHOCTH TOKa 60 KA/M”.

MakcumanbHoe 3HaueHne BT pactBopenus naTyHu HaOmonanocs npu 1,0 M koHneHnTpauuu pactsopa docdara
HaTpus. yCTaHOBJ’IEHO, 4YTO IpU YBCIWMYCHUU MPOAOJDKHUTCIBHOCTU DJJICKTPOJIM3a M YaCTOTBI NMEPEMEHHOI'O0 TOKa
3HaueHue BT naTtynu cHuxaercs.

Ha ocHoBe noiry4eHHbIX pe3yIbTaToB Oblia II0Ka3aHa BOXKMOXKHOCTh CHHTE3a (oc(aToB M U LIMHKA.

Ki1ioueBble cj10Ba: JIaTyHb, IEPEMEHHBIN TOK, 3JIEKTpoIn3, hocdaT HATPHs, THTAHOBBIN 3JIEKTPOI.
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