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eElectrode processes during
the electrorefiniment of lead
in the KCI-PbCl-Pb0 melt

The influence of Ph0 addition on current efficiency during the electrorefine-
ment of lead in the KCI-PbCl-Pb0 melt was investigated. It was shown that with
PbO concentration in the KCI-PbCl, eqiumolar mixture increasing, the current
efficiency of lead decreases. Electrode processes mechanism is proposed.
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Introduction

Studying of the process of elec-
trochemical recovery of lead from blurred
salts in the literature is given considerable
attention. Significant contribution to the
electrolysis of molten salts in the produc-
tion of heavy light-fusible metals was
made by the scientists of the Ukrainian
school of electrochemistry'“. However,
the object of the exploration was chloride
melts containing no oxygen ions.

Electrolytic behavior of oxide of lead
(IT) in chloride melts was studied in works
by Delimarsky Y.K., Panchenko I.D.,
and Markov B.F.°. The authors conducted

The experimental part

Schema of the experimental labora-
tory system is shown in Figure 1.
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electrolysis of the system PbCl-PbO at
temperatures of 500-530 °C and a con-
centration of PbO to 20 wt%., and showed
that there is a possibility of extracting me-
tallic lead from its oxide by electrolysis of
molten lead chloride with a current yield
0of 96-99%.

The aim of this work was to measure
cathode current output on lead during the
electrorefining of lead in melt KCI-PbCl, -
PbO at a temperature of 500 °C depend-
ing on the concentration of PbO in the
electrolyte.

The lead mark C1 was used as an an-
ode. The cathode was a molybdenum rod
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Fig.1. Schema of the experimental
laboratory setup:
1 — anode current feeder (Mo); 2 — current
source to the reference electrode (Mo);

3 — the cathode of Mo; 4 — corundum tube;
5 — corundum cover the reference electrode;
6 — corundum crucible @ = 45 mm;

7 — the electrolyte KCI-PbCL-PbO;

8 — thermocouple in a case of BeO;

9 — corundum crucible @ = 25 mm;

10 — cathode Pb; 11 — the reference
electrode (Pb); 12 — an anode (Pb)

with a diameter of 1 mm and working
height of 10 mm (3), shielded with alun-
dum tube (4). To collect the cathode lead

Results and Discussion

During electrolysis, the primary reac-
tions at the cathode are the recovery of
lead ions by the reaction:

Pb* + 2e — Pb° (1)

The main reaction on the anode lead is
dissolution by the reaction:

Pb’—2e — Pb* 2)

The theoretical value of the mass of
dissolved at the anode and obtained at the
cathode lead mTeor was determined ac-
cording to Faraday's law:

Mo =——.]1 (3)

to the alundum tube by nichrome wire a
cut corundum crucible with a diameter of
20 mm was attached. For the experiments
4 electrolyte compositions KCI-PbCl2-
PbO with fixed concentration of PbO 1, 3,
5, and 8 wt. %. were prepared

The temperature of the molten salt
was checked with the help of platinum-
platinum-rhodium (GD) thermocouple.
System of temperature stabilization got
its fluctuations during the experiments to
within +2 °C.

For the supply of electric current,
sources of DC GWInstekPSW7 30-72
was used; the difference of potentials be-
tween the electrodes was measured with
multimeter APPA-109 N.

Electrolysis was carried out at 500 °C
for 60 minutes in a potentiostatic mode at
a potential difference between the cath-
ode and the reference electrode of 0.6 V.
At the end of each experiment, the melt
was dissolved in drain-mold. From the
change in mass of cathodic and anodic
lead, cathode and anode current output
was determined, based on Faraday's law.

where A is atomic weight of the metal,
g/mole; [ is current intensity, A; T is time,
s; z is valence of lead in the electrolyte
(based on 2 electrone electrode reaction);
F is Faraday constant, 96500 C/mol.

The output of lead current was calcu-
lated by the formula:

mnp
mr, eop

where My, is metal mass obtained in the
course of the experiment, g.

The values of the cathode output cur-
rent depending on the concentration of

Br=

-100% )
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PbO in the melt and a current density are
shown in Table 1.
Table 1
Anode current output in depending on the
concentration of PbO in the melt

o
CPb0O,% 1 3 5 ]
wt.
Bt 96.74 | 92.87 | 90.37 | 86.31
Br, 98.38 | 96.74 | 94.19 | 91.11

The values of the cathode and the an-
ode output current in all cases is less than
100% based on the two-electron reaction
of the electrode. This indicates that even
in dilute KCI-PbCl, on PbO on the surface
of the electrodes other electrochemical
reactions occur, and the proportion rises
with increasing concentration of PbO.

It is worth noting that there was a de-
crease in the mass of the electrolyte after
electrolys that says about the expense of
substance.

X-ray results show in the electrolyte
melt congealed presence of oxychlo-
ride lead compounds Pb,0OCl,, which in
melt may be present in the form of ions
Pb,0O,™.

On the cathode surface after electrolys
PbO was found.

From the above stated facts we can
assume the following mechanism of elec-
tron-electrode processes. Part of PbO oxi-
dized to PbO, and shields the anode sur-
face, and a part is deposited at the cathode
in conjunction with the lead according to
the reaction:

Pb,0** + 2e — Pb” + PbO (5)

Fig. 2 shows a photograph of crucible
for collection of the cathode lead immedi-
ately after the DC disconnect.

Conclusions

1. Experimentally determined values
of the cathode and anode output current
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Fig. 2 Photo of the crucible to collect the
cathode lead after the DC disconnected.
Melt KCI-PbC12-PbO (8% wt.)

The photograph shows that the recov-
ered lead dropping from molybdenum
cathode surface does not form a "pud-
dle", in a substance with a homogeneous
surface, but rolled into balls that are not
collected in a single body, even with stir-
ring. This suggests that an oxide film is
present on the surface of metallic lead
formed together with the metal. With its
high strength and surface tension, it pulls
together the resulting drop in the metal
bowl and stirring does not merge into a
single body. Part of PbO is the formation
of films for metal lead and some remains
on the surface of the cathode. Depending
on the concentration of PbO in a chloride
melt deposited oxide can again dissolve
in the melt with a low concentration of
PbO, and saturated monoxide melt will
lead to the cathode surface, or be present
in the sheath of the cathode space.

lead in the electrorefining of lead oxide-
chloride melt KCI-PbCl -PbO.
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2. It is shown that the cathode and the
anode output current are not equal 100%
in all experiments.

3. With an increase in concentration
of PbO in melt KCI-PbCl-PbO cathodic
current efficiency decreases from 96.7%
to 86.31%, and the anode current efficien-
cy declines from 98.38 % to 91.11%.

4. X-ray analysis shows the presence
of an electrolyte oxychloride Pb,OCI,.

5. Metallic lead obtained on molybde-
num cathode drops and takes a spherical
shape that signifies the presence of a solid
oxide film on lead surface formed simul-
taneously with the metal lead.
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InexKTPoAHbIe NPOLECChbl

npu 3neKkTpopacmHUpoBaHMM CBMHLA
B pacnnase KCI-PbCl -PhO

WccnepoBaHo BamsaHve pobasku okecvaa cauHua (I1) Ha BbIxoa no Toky B npo-
Liecce 3nekTpopatMHMpoBaHNs CBMHUA B okcuxiopuaHoM pacrinase KCI-PhCl -
PbO0. Moka3zaHo, 4TO C yBEAMYEHMEM KoHLeHTpauun PbO B akBMMOMLHOM cMecy
KCI-PbCl, BbIX0A Mo TOKY CBMHLA CHWXAETCA. [penoxeH MexaHU3M 311eKTPOA-

HbIX NPOoLeCCoB.

© NepwwH M. C., Bypud A. A., Xanumynnuna (0. P., Apxunos M. A., 3aiikos 10. M., 2015

Beepenue

HccenenoBanuto mporecca dJieK-
TPOXUMHUYECKOTO BOCCTAHOBJIICHHS CBHH-
[la M3 PAaCIUIaBOB COJIEH B JIMTEpaType
VACICHO 3HAUYNTEIIbHOE BHUMaHHE. 3Ha-
YUTEJIBHBIA BKJIJ B Pa3BHTHE 3JIEKTPO-
JIM3a COJIEBBIX PACILIaBOB B IPOU3BOICTBE
TSOKEJBIX JIETKOIUTABKUX METAJIJIOB BHE-
CJIV yYCHbBIE YKPAUHCKOU IITKOJIBI AIEKTPO-
xumui [ 1-4]. OgHaxko 00bEKTOM UCCIIE0-
BaHWS SIBJSUTNCH XJIOPHIHBIC PacIljiaBhl,
HE coJleprKalue KHUCIOPOTHBIX HOHOB.

DJIEKTPOTUTHYECKOE TIOBEJICHUE OK-
cuga ceunna (II) B xmopuanex pacra-
Bax m3yueHo B padore FO. K. Jlemumap-
ckoro, U. [I. [lanuenko u b. ®. Mapkoa

JKcnepuMeHTaNbHasA 4acTb

CxeMa dKCTIepIMEHTAIIBHOH J1abopaTop-
HOI YCTaHOBKH TIpeCTaBlIeHA Ha puc. 1.
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[5]- ABTOpBI TPOBENH AIEKTPOIIU3 CHCTE-
Ml PbCL-PbO B obmactu Temmeparyp
500-530 °C u xonnentpanud PbO o
20 mac.% u 1mokasaju, 4To yCTaHOBIJIEHA
BO3MO)KHOCTh TOJNYYCHHS METaJIIHye-
CKOTO CBHHIIA U3 €T0 OKCHJIA DJICKTPOIIH-
30M B PacIUIaBICHHOM XJIOPHIC CBHHIIA C
BBIXOJIOM 110 TOKY 9699 %.

Llenpro nmaHHOW pabOTHI SIBISIIOCH
HU3MEpEHNE KaTOTHOTO BBIXOAA IO TOKY
CBHUHIIA B IIPOIIECCE DIEKTPOpadHHIPOBA-
nus ceunna B pacmiase KCI-PbCl -PbO
ripu Temmeparype 500 °C B 3aBUCHMOCTH
oT kKoHneHTpannuu PbO B snexrponuTe.

B kadecTtBe amHoma HCIIOIB30BaIA
ceunen mapku Cl. Karomom ciryxun Mo-
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THOICHOBBIN CTEPKEHb AUAMETPOM 1 MM
U pabodeii BbicoToit 10 MM (3), 3KpaHu-
POBaHHBIN AJTyHIOBOW TpyOKoit (4). s
cbopa KaTOMHOTO CBHHIA K ayHIOBOU
TpyOKe C TOMOIIBI0O HUXPOMOBOH Ipo-
BOJIOKH OBUIT NPUCOCTUHEH 0Ope3aHHBIN
aJyHJIOBBIA TUTENh nuamerpoM 20 M.
st omBITOB OBUTO MPUTOTOBIEHO 4 Co-
craBa aekrponura KCI-PbCI2-PbO ¢
pa3nuyHON (PUKCUPOBAHHOW KOHIICHTpPA-
uueit PbO 1, 3, 5 u 8 mac.%.

Temmeparypy B COJNCBOM pacIliaBe
KOHTPOJMPOBAIN C TIOMOIIBIO IUTaTHHA-
iatuHo-poaueBor  (II1p) Tepmomapsr.
Cucrema crabunmzalii  TeMIIEpaTyphl
oOecrieunBaiia ee KojaebaHus B XOIE DK-
CIIepuMeHTOB B Tipenenax + 2 °C.

Jnist moaun 31eKTPUIEecKoro TOKa He-
MIOJTB30BAJTH NCTOYHHK TIOCTOSTHHOTO TOKA
GWInstekPSW7 30-72, pa3HOCTb ITOTEH-
IIIAJIOB MEXIY SJIEKTPOJaMU H3MEpsIn
myasTuMeTpoM APPA-109 N.

Onexrponuz npoBoauwin mpu 500 °C
B Teuenne 60 MHH. B IIOTEHIIMOCTATH-
YEeCKOM pPEXHME TPH PA3HOCTH ITOTEH-
IIIAJIOB MEXIy KaToIOM M DJICKTPOIOM
cpasuenus 0,6 B. TTo okonyanuu xaxmo-
IO OIbITA PACIUIAB CIMBAIH B M3JIO)KHH-
iy. [Io M3MEHEHHI0 MacChl KaTOMHOTO U

Pesynbtathl 1 06CcyxaeHue

B mponecce snmekTponusza OCHOBHOU
peakuueil Ha KaTone SBIETCS BOCCTa-
HOBJIEHHE HOHOB CBMHLA I10 PEaKLUU:

Pb* + 2e — Pb° (1)

OcHOBHOW peakIueil Ha aHoJE SBIIS-

€TCsl paCTBOPEHUE CBUHLA IO PEaKLUU:
Pb’—2e — Pb* )

Teopernueckoe 3Ha4€HUE MAcChl pac-
TBOPEHHOI'O Ha aHOZE U IOJIy4YE€HHOIO Ha
KaTojie CBHHI@ M. = ONPENCIHIH COIIa-
CHO 3akoHy Papanes:

W -

w

Puc. 1. Cxema 3KcriepuMEHTaIbHON
1a00paTopHOI YCTaHOBKH:
1 — anomnbIit TokonoaBo (Mo);

2 — TOKOTIOJBOJ K JIEKTPOY CPaBHEHHS
(Mo); 3 — xaron u3 Mo; 4 — airyHJ10BbIE
TPYOKH; 5 — ayH/IOBBIH Ye€XO0JI AIIEKTPOAA
CpaBHEHHMS; 6 — aTyH/IOBBII TUTEIb
@ =45 mum; 7 - snexrponut KCI-PbCl,-PbO;
8 — Tepmonapa B yexiie u3 BeO;

9 — anyH0BBIN TUTETH @ = 25 MM;

10 — xarozusbIii Pb; 11 — anektpos cpaBHEHUS
(Pb); 12 — anon (Pb)

AQHOJTHOTO CBHHIIA OTPENEIISUIN KaTOTHBIN

nu aHOlIHBIﬁ BBIXO/ I1O TOKy Ha OCHOBAHHUU
3akoHa Papages.

A

mTeop :Z'_F'I.T’

rae A — aTOMHBIA BeC MeTajia, I/MOJb;
I—cuna Toka, A; T— Bpemsl, C; Z — BaJICHT-
HOCTH CBHHIIA B 3JICKTPOIUTE, (B pacuere
Ha 2-2JIEKTPOHHYIO 3JICKTPOJHYIO peak-
uuto); F' — nocrosiaHas dapanest, 96 500
Kn/monb.

BbIxoj cBHMHIIA TIO TOKY PacCUMTAIH
o popmyse:

&)
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IJIe M — Macca METaJlla, NoNyYeHHas B
XOJIC OKCIIEPUMEHTA, T.

3HaYeHHsT KATOJHOTO BBIXOMA IO TOKY
B 3aBHCHMOCTH OT KOHIIeHTpaiuu PbO B
pacIiiaBe ¥ INIOTHOCTH TOKA MPeCTaBIIe-
HbI B Ta0m. 1.

Br= -100% , 4)

Ta6muna 1
3HaueHHsI aHOTHOTO BBIXO/IA [0 TOKY
B 3aBUCHMOCTH OT KOHIEeHTpaiuu PbO

B pacruiaBe
CPbO,
macc.% ! 3 > 8
B1K 96,74 | 92,87 | 90,37 | 86,31
BTA 98,38 | 96,74 | 94,19 | 91,11

3HaueHMsT KaTOTHOTO M aHOTHOTO BHI-
XOJla TI0 TOKY BO BCEX CITydasiX MCHBIIIE
100 % B pacueTe Ha JBYXJIEKTPOHHYIO
ANEKTPOIAHYIO PEAKIUIO. DTO TOBOPHUT O
TOM, 4TO Ja’ke B pa30aBICHHBIX PacTBO-
pax KCI-PbCl, mo PbO na noepxnoctu
ANEKTPOIOB MPOTEKAIOT IPYTHE IEKTPO-
XIMUYECKHAE PEAKIUU, M WX JOISI BO3-
pacraer ¢ yBEIMYCHHEM KOHIICHTPAIIH
PbO.

CTOUT OTMETUTh, UYTO IPOU3OILIO
YMEHBIICHUE MAaCCHI JIEKTPOJIUTA TOCTe
ANIEKTPOIIH3a, IYTO TOBOPHUT O PACXOJE Be-
IIECTBA, BXOISIIETO B €r0 COCTAB.

Pesymeratel peHTrenodasoBoro ana-
JM3a TOKA3bIBAIOT B 3aCTHIBIICM ILIABE
ANIEKTPOINTA MIPH-CYTCTBUE OKCUXIIOPH/I-
Horo coenmnenus ceunna Pb2OCl, xoro-
pHIl B paciuiaBe MOXKET IMPHUCYTCTBOBAThH
B BHJI€ HOHOB Pb,O," [6].

Ha moBepxHOCTH KaToma mocie dJieK-
Tponu3a ooHapyxeH PbO.

W3 BBIIIE M3I0KEHHBIX (DAKTOB MOXK-
HO TIPEANONOKUTH CIEAYIOINI Mexa-
HU3M DJIEKTPONHBIX IporeccoB. YacTp

114

PbO oxwucnsgercs no PbO, n skpanupyer
MIOBEPXHOCTh aHOJA, a YacTh OCAKTACT-
Cs1 Ha KaTOJE COBMECTHO CO CBHHIIOM IO
peaxunu:
Pb,0** + 2e — Pb° + PbO (5)
Ha puc. 2 npencrariiena ¢pororpadus
THUTIIS 17151 cOOpa KaTOAHOTO CBUHIIA CPa3y
TIOCTIC OTKIIOYCHUS TOCTOSTHHOTO TOKA.
Ha ¢otorpaduu BUaHO, 9YTO BOCCTa-
HOBUBIIIMACS CBHHEI], CKAIlbIBasi C IIO-
BEPXHOCTH MOJHMOIECHOBOTO KaToma, He
o0pasyeT «IyXy», TO €CTh BEUIECTBO C
OITHOPOIHOM MTOBEPXHOCTHIO, & CKATHIBA-
€TCsI B IIIAPHUKH, KOTOPBIE HE COOMPArOTCs
B CIMHOE TEJO NakKe MpH IepeMeIInBa-
HHUH. DTO TOBOPHUT O TOM, YTO HA IOBEPX-
HOCTH BOCCTAQHOBHUBILIETOCS METaJIIHYe-
CKOTO CBHHIIA IPHCYTCTBYET OKCHIHAS
TUTeHKa, 00pa30BaBIIAsiCs COBMECTHO C
MetayioM. O06nanasi BBICOKOW TPOYHO-
CTBIO U TIOBEPXHOCTHBIM HATSIKCHUCM,
OHa CTATHBAET 00Pa30BABIIYIOCS KAaILTIO
MeTajuia B Iap U IpH IIepEeMEIIUBAHNH HE
JlaeT cauThes B enuHoe tenno. Yacts PbO

Puc. 2. ®otorpadus Tumis s coopa

KaTOZHOI'0 CBMHIIA IIOCJIE OTKIIOUEHUS
nocrostnHoro Toka. Pacrnas KCI-PbCL-PbO
(8 % macc.)
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UJET Ha 00pa3oBaHKe TUICHKH [T MeTall-
JINYECKOTO CBUHIIA, a YaCTh OCTaeTCsd Ha
MMOBEPXHOCTH KaToa. B 3aBUCHMOCTH OT
KoHIleHTparu PbO B xiopuaHOM pac-
IJIaBe, OCAXKACHHBIM OKCHJT MOJKET CHOBA
pPacTBOPUTHCS B pacIuiaBe ¢ HU3KOW KOH-

BoiBoab!

1. DKCIepUMEHTaTbHO  OTIPE/ICTICHBI
3HAYEHMS] KAaTOIHOIO M aHOIHOIO BBIXO-
JIOB TI0 TOKY CBHHIIA B TIPOIIECCE IEKTPO-
padbuHUPOBAHUS CBHHIIA B OKCHIHO-XJIO-
punom pacmnase KCI-PbCL-PbO.

2. IToka3aHo, 4TO KaTOAHBIA M aHOJI-
HBIH BBIXOJ 10 TOKY He paBHbI 100 % Bo
BCEX OIBITAX.

3.C yBenWueHHWEM KOHIIEHTPAINH
PbO B pacmmase KCI-PbCL-PbO karon-
HBIM BBIXOJI IO TOKY CHMXaeTcs ¢ 96,7 %

neHTpaier PbO, a B HACKIIIEHHOM 110
OKCHJIy CBHUHIIA pacIljlaBe OCTaHETCsS Ha
MTOBEPXHOCTH KaTo/a WU OyJeT MPUCYT-
CTBOBaTh B IPHUICKTPOIHOM KATOIHOM
MIPOCTPAHCTBE.

1o 86,31 %, a aHOMHBIN BBIXOA O TOKY
cumkaercs ¢ 98,38 % mo 91,11 %.

4. Pentreno(azoBblii aHAINA3 TOKA3bI-
BaeT MPUCYTCTBUE B AIIEKTPOIUTE OKCH-
xnopuaa Pb,OCL,.

5. IonydeHHBId Ha MOJIHOICHOBOM
KaToJIe METAJIMYEeCKIUI CBUHEIT CKAITbIBa-
€T W TIPUHUMAET IapooOpa3Hyo (opmy,
YTO O3HAYAET MPUCYTCTBHUE HA TIOBEPXHO-
CTH CBHUHIIA MMPOYHOW OKCHIHOMW TUICHKH,
MTOJIYY€HHON OIHOBPEMEHHO C METaJlIn-
YEeCKHM CBUHIIOM.

1. 3apyounkwuii O. I'., [Tenkano U. U., [opbau B. M. // YkpauHCKHI XUMUYECKHH KyP-

Hai. 1972. T. 38. C. 711.

2. Omenpuyk A. A., bynauk B. I'. / Ykpannckuii xumudeckuit xypran. 1985. T. 51.

C. 1045.

3. 3apyounkwuii O. I // Ykpanuckuit xumuueckuid xxypaai. 2000. T. 66. C. 5.
4. Nemmmapckuii FO. K., Sapyounkuii O. I, Bynauk B. I. / 3BecTus By30B. L[BeTHast

metamryprus. 1986. Ne 4. C. 27.

5. demumapckwuii FO. K., [Tanuenko U. J1., MapkoB b. @. // YkpauHCKHI XUMHYECKUT

skypHan. 1956. T. 22. C. 574.

6. Flengas S. N., Hacetoglu A. // Canadian Journal of Chemistry. 1990. V. 68. P. 236.

PexomenmyeM mpu MUTHPOBAHWH JIAHHO CTaTbU CICAYIONIYI0 cCchbUIKy: Pershin P. S.,
Burich A. A., Khalimullina Yu. R., Arkhipov P. A., Zaikov Yu. P. eElectrode
processes during the electrorefiniment of lead in the KCI-PbCl,-PbO melt // Chimica
Techno Acta. 2015. Vol. 2. Ne 2. P. 108-115.

115



