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Abstract. This article is dedicated to the processing of the secondary tin-containing alloys by the electrochemical method.
The provided article reviews exploratory studies regarding the anodic dissolution of the lead-tin solders, conducted by the
ECC-1012 electrochemical complex in galvanostatic mode with using as an electrolyte solution of potassium hydroxide. The
anodic dissolution was demonstrated to go differently depending on the concentration of alkaline electrolyte. For instance, at
50 g/dm? concentration of potassium hydroxide, the dissolution commence was recorded at a 0.4 V capacity and the reaction
goes predominantly with the HSnO,- formation, also in this case the lead dissolution is unlikely. After that, the anode
passivation takes place owing to the formation of oxidation films of the metals and oxygen release. The alkali concentration
increases within the electrolyte to 100 g/dm?® leads to a dramatic change in the current potential curves, corresponding to the
formation of HSnO,-, HPbO,-, Snp+ and Ph.+. In addition, an increase of alkali concentration in the solution will contribute to
a more active dissolution of the metals, even at the initial stage. As the anode surface develops, it beneficiates alternately with
either lead or tin. The formation of tetravalent lead and tin ions upon anodic dissolution of lead-tin alloys in the alkali
solutions is unlikely. Within the process of anodic dissolution, an electrolytic sludge was obtained, which contained not only a
tin but also the copper, lead, antimony, aluminum and iron have been found.
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KYIIPIII KAJIMIA HETI3IHAEDT SJIEKTPOJIMTTI KOJIIAHY APKbBLIbI KAJIABLIBI KOPBITIIAJIAP/BI
DJEKTPOXUMUSLIBIK KATA OHJIEYI

Tyitingeme. byn Makananga kamailbl KOPBITIAMAp/bIH DJICKTPOXUMUSUIBIK OICIMEH KaliTa OHJAeYy 3epTTeMeNepi KapacThIpbLIFaH.
Makanaza KayCTHKaJbIK KAIUHiHIH AJIEKTPOIUT epiTiHAici peTiHae ranbBaHocTaTHKAIBIK pexumae EHK-1012 amekTpoXuMusiibIK
KOMILIEKCI apKbLIbl OTKI31JIreH KOPFAChIH KaJayIIbUIapIblH aHOATHIK epyl Typalsibl 3epTTey JKYMBICTaphbl KapacThipblraH. CUITiiik
5JIEKTPOJIUTTIH KOHIEHTPALMACHIHA GaiIaHBICTBI aHOATHIK epirimTiri Gackama kepcerinesi. Ocbutaiiia, 50 r/amM® KaycTHKAIbIK
KaJii KOHIIEHTpasAChIHAA epiTiHAiHiH Oactranysl 0,4 B oneyerinne Tipkenmi, peaknus kebinece HSnO2- xanmsinracysiMeH Kypei,
OyJ1 xKaralina KOpFackIHHBIH epyl ekitanai emec. ComaH KeliH aHOATHI AaCCHBANMsIAY TOTHIKTHI METAIAP/bIH KaOAaTHIHBIH Maiaa
GOJyBIMEH ’OHE OTTETiH HILIFAPYBIHA GAMIAHBICTBI OTe/l. DIEKTPonuT Kypambinaa 100 r/am® feiin CinTilikTin KOHIEHTpaUsAChIH
xorapsutaty HSnO2-, HPbO2-, Snz + sxone Pbz + Ty3iiyiHe colikec KeneTiH MOMSIPU3aIist KUCBIKTap/ABIH TYPIEPiHiH KYPT 63repyiHe
okenesni. COHBIMEH KaTtap, epiTiHAiAeri CUITUII KOHIIEHTPALUSIHBIH YIIFAalobl 0acTaIlKpl caThICBIHAA Ja METaIApIBbIH epiTUTyiHe acep
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ereni. AHon OeTi JaMpIlFaH CalblH KOpPFAachlH HeMmece Kamtailbl Oap OaiibiTeumamel. CinTUIK epiTiHALIEpAEri KOPFACHIHHBIH
KOPBITIANAPBIH AHOATHIK EpITINl alyla TeTpaBaleHTAIbJi KOPFAaChIH MEH Kajailbl MOHNApBIHBIH Iaiifa OOyl exiTamail emec.
AHOZITHIK epy Ke3iH/e IEKTPOIIUT IILTaMbI aJIbIH b, OHJIa KaJaiibl, MBIC, KOPFAChIH, CypbMa, ATIOMUHUHA MEH TeMip TaOBbLIIbI.

Tyiiin ce3aep: KoprachIHIpI-KaJlalbUTBI KOPBITIIA, CIITLTI AJIEKTPOIUT, aHOATHI €PITY, DIICKTPOXHUMUSUIBIK MOJSIPU3AIIHS.
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SJIEKTPOXUMHNYECKAS TIEPEPABOTKA OJIOBOCOJAEPXKAINUX IIPUIIOEB C MHCIHOJIB30BAHUEM
SJIEKTPOJIMTA HA OCHOBE EJIKOT'O KAJIUA

Pe3tome. Hacrosmias craThs HOCBSIIEHA BONPOCAM IEpepabOTKM BTOPUYHBIX OJIOBOCOAEPXKAIIMX CIUIABOB JIEKTPOXUMHUYECKUM
MeTofoM. B cTarbe paccmaTpuBaroTCs HMOMCKOBBIE HCCIEJOBAaHMS 110 aHOJHOMY PACTBOPEHHIO CBHHIIOBO-OJIOBSIHHBIX IIPUIIOEB,
MIPOBOIMIMBIE C UCIOIB30BaHUEM IeKTpoxuMuueckoro komiuiekca OXK-1012 B ranpBaHOCTaTHYECKOM PEKHME C HCIIONB30BaHHEM
B KauecTBE AJICKTPOJIMTA PACTBOpa eIKoro Kaiaus. [loka3aHo, 4TO B 3aBHCHMOCTH OT KOHIEHTPAlWH IIEJIOYHOIO BJIEKTPOJIUTA
aHOJIHOE DACTBOPEHHE TIPOTEKAET T0-pasHOMy. Tak, NpH KOHLEHTpalMH enkoro Kamus S50 r/aM° Hadano pacTBOpEHHs
3adukcupoBano npu norernuane 0,4 B ¢ mpeMMyIIeCTBEHHBIM IPOTEKaHHEM peakiuu ¢ obpasoBanueM HSnOz-, pacrBopenue
CBHMHILIA IPH 3TOM MAJIOBEPOSITHO. 3aTeM IPOHMCXOIHUT INACCHBALIUS aHOAA M3-3a 00pa30BaHMSA OKCHIHBIX IUIEHOK METAIOB M
BBIJIEJIEHHE KUCIIOPO/IA. Y BEIMYEHNE KOHIIEHTPAIMH WIENOYH B COCTaBe eKTpoauTa 10 100 /M NpUBOIUT K pe3KoMy N3MEHEHHIO
BHJIa MOJSIPU3ALMOHHBIX KPHBBIX, COOTBETCTBYIOMNX 0OpasoBanuio HSnOz-, HPHO;z-, sna+ n Pbz+. Kpome TOro, poctT KOHIEHTpALUK
IIEJIOYH B pacTBope OyneT crocoOCcTBOBAaTH Ooliee aKTHBHOMY PacTBOPEHHMIO METAJUIOB Jake Ha HayalbHOH craamu. Ilo mepe
Pa3BUTHUsI AaHOJHOH TTOBEPXHOCTH OHA 00OraiaeTcs IonepeMeHHo 00 CBUHIIOM, JIH00 010BOM. OOpa30oBaHHE YeThIPEXBAJICHTHBIX
HOHOB CBUHIIA M OJIOBA MPH aHOIHOM PACTBOPEHHMH CBHHIIOBO-OJIOBSHHBIX CIUIABOB B PAacTBOpAX MIesodeil MaloBeposTHO. B xone
AHOJIHOTO PacTBOPEHHMS OB TOTY4EH 3JIEKTPOIUTHYECKUH 1IJIaM, B COCTaBe KOTOPOro MOMHUMO 0JIOBa OOHApYXKEHbI Me/lb, CBUHEL,
CypbMa, aJlFOMUHUH U KeTe30.

KutroueBble ¢J10Ba: CBUHLIOBO-OJIOBSIHHBIMH HpPIl'IOfI, IIETIOYHOM OJIEKTPOJIUT, AaHOAHOE PACTBOPEHHUE, JIICKTPOXUMHUYICCKA OISIpU3aLIs.

Introduction. The dry and hydrometallurgy,
electrochemical dissolution methods, and their
combination may be applied to process the
secondary alloys of non-ferrous metals, including
tin-containing ones [1-5]. A general shortcoming of
the dry metallurgy methods are the significant
energy costs of the primary operations and the need
for the hermetic equipment to trap volatile
components released during high-temperature
processing, especially in the case of lead-tin alloys
melting. Despite the volatility of the tin-containing
components of scrap and solders, their treatment to
produce another tin-containing product (solders,
bronze, pure tin) is frequently carried out by
remelting [6-8].

An acid leaching, extraction, ion exchange
and chemical precipitation are the main frequent
stages at implementing of hydrometallurgical
processing of the secondary alloys of non-ferrous
metals [9]. The electrochemical methods are allow
significantly to simplify the process flow sheet and
instrumentation, to reduce the processing time of the
secondary waste and improve the environmental
performances under the high rates of valuable
components extraction [10-12]. Thus, their application
may be of interest and more environmentally friendly

for the processing of the secondary lead-tin alloys,
especially since, under the modern industrial
development, more stringent requirements are
imposed on the industrial emissions.

The electrolytic method is known to be used
in the lead and tin technology, but alkaline,
hydrofluorosilic and hydrofluoboric electrolytes are
better preferred. For instance, when applying
hydrofluorosilic and hydrofluoboric electrolytes an
electrolysis is carried out in the following
conditions: current density is 200-250 A/m?, the
cathode sediment increasing time is 80-96 hours
when the electrolyte circulation arrangement. At the
same time, an alloy with a Pb content of 60-65 %
and Sn of 34-39 % is obtained on the cathode,
which is suitable as an addition alloy in the solders
manufacture [11-19].

Based on the above data, the
electrochemical processing of the secondary tin-
containing alloys is an up-to-date and practically
significant task.

The results of these exploratory studies are
aimed to establish the nature of the process of tin-
containing solders anodic dissolution using
alkaline  electrolytes based on potassium
hydroxide.
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Experiments and results and discussion.
The secondary tin-containing solders with the tin
content of 45 and 60 % are provided as a research
target, potassium hydroxide with a concentration of
50 and 100 g/dm® were used as the electrolyte
solutions.

An ICP mass spectrometer for isotope and
elemental analysis with the inductively coupled
plasma ELAN DRC-e (Perkin Elmer, Canada) at the
Kazakh National Research Technical University
named after K.I. Satpayev and Russian University
of Technology was used to perform an elemental
analysis of secondary alloys samples and the
products of their processing.

A KFK-3KM spectrophotometer was used to
determine the tin content in aqueous solutions by the
photometric method at the Kazakh National
Research  Technical University named after
K.l. Satpayev using certified methods.

A Phenom XL scanning electron microscope
from the Phenom-World company (Thermo
ScientificTM, the Netherlands) was used for the
primary analysis of a sample of sludge obtained
during anodic dissolution in potassium hydrogen
solution under FOV: 50.7 um, Mode: 15kV - Point ,
Detector: BSD Full during a seminar conducted by
the representatives of the Melitek international
company.

Electrochemical dissolution was performed
by electrochemical technological complex ECC-
1012 (developed by FE Tetran LLC, RF), using a
non-reparation method for the potential survey.

The electrochemical cell consisted of a
200 ml fluoroplast container, the electrodes were:
the anode - tin-containing solder in the form of a
plate with an area of 5.6 cm2, the cathode - titanium
(VT1-0) plate with an area of 5 cm2.

The whole survey of the electrode potentials
were carried out relative to the silver chloride
reference electrode.

Results and discussion. The anodic
dissolution of lead-tin alloys can proceed in the
alkaline solutions, by the reactions provided in
Table 1.

Inview of the provided reactions, the
dissolution of the alloy in the alkaline solutions may
be assumed to primary begin with the tin dissolution
according to (4) reaction, that is, the formation of
HSnO,- and lead ions by (6) reaction is preferable.
In weakly alkaline solutions, tin can preferentially
dissolve by (4) reaction; dissolution of lead is
unlikely.
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Table 1 - Probable electrochemical reactions occurring at
the anode, made of secondary lead-tin alloys [15]

Reaction Standard
Electrode
Potential (E°), B
1 | Sn+30H-2e=HSnO,+H;0 -0.91
2 | Sn-2e=Sn?%* -0.14
3 | Sn-4e=Sn** 0.01
4 | Sn+2H,0-2e=HSnO,+3H* 0.33
5 | Pb-2e=Pb?* -0.125
6 | Pb-4e=Pb** 0.77
7 | Pb+30H-2e=HPbO,+H,0 -0.502
8 | Pb+60H-4e=Pb0,*+3H,0 -0.127
9 | Pb+2H,0-2e=HPbO, +H* 0.702

Our assumptions were confirmed after taking
the current potential curves (Figure 1) with anodic
dissolution of lead-tin alloy with a tin content of
about 60 % in a potassium hydroxide solution of 50
g/dm?® concentration, the beginning of dissolution
was recorded at about 0.4 V potential. Then the
anode passivation takes place, which may be due to
the low solubility of its oxide films on the alloy
surface, and the release of the oxygen.

The same alloy was subjected to repeated take
of polarization curves (Figure 2), on the basis of
which it can be assumed that the alloy dissolution
follows by two preferred reactions, (4) and (3),
further dissolution of the alloy is accompanied by
the active oxygen emission, which was recorded
visually.

An increase in the alkali concentration in the
electrolyte composition to 100 g/dm?® leads to a
dramatic change in the type of polarization curves
both during the primary (Figure 3) and when the
curves are taken again (Figure 4).
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Figure 1 - — Polarizing and — Depolarizing dissolution
curves of the lead-tin alloy (60.0 % wt.) in a KOH
solution with a concentration of 50 g/dm3
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50 g/dm? - repeated removal
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Figure 3 - —Polarizing and —Depolarizing dissolution
curves of the lead-tin alloy (60.0 % wt.) in a KOH
solution of 100 g/dm?®
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Figure 4 - — Polarizing and — Depolarizing dissolution
curves of the lead-tin alloy (60.0% wt.) in the KOH
solution 100 g/dm? — taken again.

During the initial removal of the polarization
curves, the preferential sequential flow of reactions
(1), (7) and (2) of Table 1 may be noted. Further
dissolution of the alloy is also accompanied by the
oxygen emission.
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As the curves are taken again (Figure 4), with
the growth of the anodic surface of the dissolving
alloy and the change in the surface content of the
alloy components, the sequence of electrochemical
reactions changes first (1), then (7), (2), (5), (8)
Tables 1 and only then - the oxygen emission.

In the course of anodic dissolution of lead-tin
alloy in an alkaline electrolyte, sludge was obtained,
its composition was studied using a number of
physicochemical research methods. An analysis of
the sludge sample is carried out using a Phenom XL
scanning electron microscope from Phenom-World
(Thermo ScientificTM, the Netherlands), showed
that the sludge is heterogeneous both in structure
and composition. In addition to tin, the sludge
contains copper, lead, antimony, aluminum, and
iron.

Summary. Thus, it is impossible to separate
lead and tin during anodic dissolution of the alloy in
alkaline solutions, both metals pass into the
solution. An increase in the alkali concentration in
the solution will contribute to a more active
dissolution of the metals even at the initial stage. As
the anodic surface develops, it is enriched
alternately with either lead or tin, which leads to a
change in the form of polarization curves, the
excesses on which correspond to the oxidation
reactions of lead and tin to hydro-stannates, hydro-
plumbates and even to tin (+2) cations and
plumbates. The formation of the tetravalent lead and
tin ions in the anodic dissolution of lead-tin alloys in
alkali solutions is unlikely.

The studies were carried out as part of the
project number AR05132725 under an Agreement
with the Science Committee of the Ministry of
Education and Science of the Republic of
Kazakhstan.
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(in Russ).
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