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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
(IT) and Zn (IT) 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 e¢lectrochemical 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 clectrochemical dissolution propertics. 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 ¢lectrode and similarity of dissolution mechanism of copper and pure
copper in the brass composition was discovered [20]. The electrochemical properties of o, B -brass
(CuZnyyPb,) 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 altemating 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: ir;=60 kA/m?, [NazPO4J=1.0 M, =0.5 h.
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The effect of the additional titanium e¢lectrode current density on the electrochemical dissolution of
the brass ¢lectrode 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 clectrode 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: iz=400 A/m’, [Na;PO,]=1.0 M, 7=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: ir; = 60 kA/m?, ip = 400 A/ m?, = 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?, 15=400 A/m’, [NasPO,]=1.0 M, ©=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: ig=60 A/ m?, iz=400 A/m>, [Na;PO4]=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:
i=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: (is=400 A/m’, i1=60 kA/m’,
[Na;PO,]=1.0 M, v=50 Hz, t=30°C).
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* 1. B.CokombCKmit aThIHmars JKaHApMal, KATATH3 JKOHE SICKTPOXHMHSA HHCTHTYTH, AMATEI

AVHBIMAJIBI TOKIEH HOJAPU3AIASATIAHFAH KE3AIH HATPH ®OCPATHI CY.JIbI
EPITIHAICIHAEI'T EPY 3AHABLIBIKTAPBI

AHHOTAIMSA., OHIIPICTIK XHUUTIKTCTI AHHBIMATBI TOKNCH mOApm3ammsmianFaH Cu-Zn KyWMacel - JKC3[IiH
JMEKTPOXUMISUTBIK KACHETI HaTpuit (ocdartsl Cynbl epitiHiciHae amram per seprrenai. Kyfima epyiHiH TOk
OoitbiHma mbEbiMeiHA (TII) ske3 (200-1200 A/M°) xome TtutaH (20-120 KA/M) 37CKTPOATAPBIHIAFHI TOK
THIFBI3BIKTAPBIHBIH, HATPUH (hoc(aThl SPiTIHAICI KOHICHTPAUHACHIHBIH (0,5-2,0 M), alfHBIMATBI TOK kuimriHiy (30-
180 I'm), 3nekrpomu3 y3akTeEsHbIH (0,25-1,5 car.) acepiepi KapacTHIPBIIIBL.

AWHBIMABI TOK POKUMIHACTI 3CKTpomu3 kesinae ske3miy Mbic (II) sxome wmeippmn (1) wmoHmapem Ty3e
KApKBIHIBI CPHTIHIIII amFam peT KepceTinmi. A, TYPakTl TOK JJIEKTPOIM3 OapbIChIHAA KYHMAHBIH
MeKTpoXuMITIBIK - epyiHiH TII wmoHi ere TeMeH OO0iapl. AWHBIMANBI TOKICH MOAPH3AIMAIAHFAH KC3
3NEKTPOABIHAAFEI TOK THIFBI3ABIFBIH KOFAPBUIATKAH CAHBIH KyWMa EpYIHIH TOK OOMBIHINA INBIFBIMBI AJFAIIBIHIA
orapsitan, 400 A/m>-6actan Gipkenki TOMEHICM, OHTARIBI xaFmaiima (400 A/v?) TII moni 80% xypadst. Tutau
3MEKTPOABIHIAFSI TOK THIFBI3ABIFBIH APTTHIPFaHAA KyiiMa epyiHiH TIII MakcuMyM apKbUIbI OTiIl, TOK THIFBI3ABIFBI 60
KA/ kesirae Cu (1) sxome Zn (I1) mommaps! Tysinyinin TIL colikecimme 50% sxone 30% xypamsr. YKe3 epyinin Tok
OotipiHma merbMEL 1,0 M Hatpumit (oc(arel epiTiHAICIHAEC MAKCHMAIABI MOHAI KOPCETTI. DIEKTPOIHN3 Y3aKTHIFbI
81
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MCH aWHBIMAITBI TOK JKHITITIH APTTHIPFAH CAHBIH KC3 JICKTPOIBIHBIH TOK OOMBIHINA IMBIFBIMBI TOMCHICHTIHIITI
AHBIKTAIIBL
ATBIHFAH HOTIDKEICPAIH HET131HIC MBIC XKOHE MBIPHI (oc(aTsiH CHHTE3ACY JIH MYMKIHIILTIKTEP] KOPCETIIL.
Tyiiin ce3aep: 'xe3, aHHBIMATBI TOK, NEKTPOIN3, HATPUH (POC(ATHIL, THTAH FTCKTPOIBL.
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3AKOHOMEPHOCTH PACTBOPEHUA JATYHHU B BOJTHOM PACTBOPE ®OCPATA HATPUA
PH NOJAPHUIAIIMUA NIEPEMEHHBIM TOKOM

AnHoTanusi. BriepBbie HCCIECIOBAHO JNCKTPOXHMHYECKOE moBeAcHHe cmmasa Cu-Zn - 7JaTyHH TIpH
TMOJBIPH3AUHH MCPEMCHHBIM TOKOM MPOMBIIUICHHOH YaCTOTHI B BOXHOM pacTBope (ocara mHarpmsa. PaccmorpeHo
BIMSHUE IUIOTHOCTH TOKA HA JaTyHHOM 3jekrpoze (200-1200 A/M®) B THTAHOBOM anexrpoae (20-120 KA/,
KOHIICHTpAamWH pacTBopa (ocara wmatpusa (0,5-2,0 M), wactoTel mepeMcHHOTO TOKa (30-150 Tm) m
TPOJOJDKUTENLHOCTH 3J1eKTposm3a (0,25-1,5 yac) Ha BeIxoa 1o TOKy (BT) pacTBOpeHus CIuiaBa.

BroepBblc MOKAa3aHO, YTO MPH MNCPEMCHHOTOKOBOM POKHUME 3JICKTPOJH3a TMPOHUCXOJHT HHTCHCHBHOC
pactBopeHHE cruaBa ¢ oOpasoBaHueM HOHOB Mmeau (II) m mmaka (II). Tlpu 3ACKTPOAM3E ¢ MOCTOSAHHBIM TOKOM
3HaucHHC BT 31CKTPOXMMHICCKOTO PACTBOPCHHSA CILIABA OBLTO 3HAYHTCIHFHO HIDKS. [IpH MOBBIMICHWH IIOTHOCTH
TOKA HA JATYHHOM 3JICKTPOAC, MOLAPU30BAHHOM MECPEMCHHBIM TOKOM, BBIXO IO TOKY PACTBOPCHHA CINIABA IJIABHO
CHIDKACTCA W NMPH ONTHMAJIBbHBIX yCIoBUsAX (400 A/ 3naucrne BT cocrasuio 80%. Ilpu u3MEHEHUHU MIOTHOCTH
TOKA HA THTAHOBOM 3yekTpone BT pactBopeHms crmasa mpoxoaut depe3 MakcumyM u BT obpasosanus nornos Cu
(I) 1 Zn (IT) cOCTaBIAET, COOTBETCTBEHHO, 50% 1 30% IPH IIOTHOCTH TOKA 60 KA/M-.

MaxkcumamsHoe 3HaucHHE BT pacTBOopeHna gaTyHH Ha0FO1a10¢h npu 1,0 M xoHueHTparmu pacteopa ¢ocgara
HATPHA. YCTAHOBJICHO, YTO TPH YBEIWYCHHH IPOJOJDKUTEIBHOCTH 3JCKTPOIN3a M YAaCTOTHI NMEPEMEHHOTO TOKA
3HaucHue BT natyHu CHIKaeTcs.

Ha ocHOBE MONMYYCHHBIX PE3YIBTATOB OBLIA MMOKA3AHA BOKMOKHOCTE CHHTE3a (pOC(haToB MCIH H ITHKA.

Kirouernie ¢J10Ba: TaTyHb, ICPEMCHHBIH TOK, JICKTPOIH3, ()ocaT HATPHS, THTAHOBBIH 3IICKTPOI.
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