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Abstract. The problem of extracting heavy and non-ferrous metals from spent solutions
of galvanic production is of great importance from the point of view of capturing metals valuable
for the national economy and neutralizing industrial wastewater.

Existing methods of extracting lead from spent solutions and wastewater mainly involve
the addition of reagents. These methods have some disadvantages: economic unprofitability;
does not meet modern environmental requirements; additional pollution with ions and the
formation of poorly soluble compounds and the labor intensity of extracting metals from them.

Close to the method proposed by us in technical essence is the use of volume-porous flow
electrodes (VPFE) made of carbon fibrous materials. The disadvantage of this method is the high
cost of electrodes associated with the use of carbon fibrous materials.

The most advantageous seems to be the electrochemical method proposed by us using
lump electrodes with a developed surface. The proposed work presents the results of electrolysis
of solutions with an initial lead concentration of 200 mg/l on lump graphite electrodes. The
experiments were conducted in a flow mode on bulk lump graphite electrodes in an electrolytic
cell. An experimental setup was used to purify waste solutions from lead ions using an
electrochemical method with the use of piece electrodes with a developed surface. The
electrolyzer setup consists of two glass vessels and an electrolyzer with lump electrodes, which
are the cathode, and the graphite rod serves as the anode. The thickness of the lump electrode
layer was changed depending on the experimental conditions within 0.5-3 cm.
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Introduction

A significant increase in the lead content in the environment (including surface waters) is
associated with coal combustion, the use of tetraethyl lead as an antiknock agent in motor fuel,
and the removal of lead into water bodies with wastewater from ore processing plants, some
metallurgical plants, chemical plants, mines, etc. Significant factors in reducing the
concentration of lead in water are its adsorption by suspended substances and deposition with
them in bottom sediments. Among other metals, lead is extracted and accumulated by
hydrobionts.

Lead is found in natural waters in a dissolved and suspended (sorbed) state. In dissolved
form, it occurs in the form of mineral and organomineral complexes, as well as simple ions, in an
insoluble form - mainly in the form of sulfides, sulfates and carbonates.

In river waters, the concentration of lead varies from tenths to units of micrograms per 1
dm3. Even in water bodies adjacent to areas of polymetallic ores, its concentration rarely reaches



tens of milligrams per 1 dm3. Only in chloride thermal waters does the concentration of lead
sometimes reach several milligrams per 1 dm?.

Lead is an industrial poison that can cause poisoning under unfavorable conditions. It
enters the human body mainly through the respiratory and digestive organs. It and its compounds
are dangerous not only because of their pathogenic effect, but also because of the cumulative
therapeutic effect [1, 2], high accumulation coefficient in the body, low rate and incompleteness
of excretion with waste products. It is eliminated from the body very slowly, as a result of which
it accumulates in the bones, liver and kidneys [3, 4].

Lead suppresses many enzymatic processes in the body. With lead intoxication, serious
changes occur in the nervous system, thermoregulation, blood circulation and trophic processes
are disrupted, the immunobiological properties of the body and its genetic apparatus change [5].

The limiting indicator of lead harmfulness is sanitary and toxicological. The maximum
permissible level of lead is 0.03 mg/dm?[6].

Tetraethyl lead. It enters natural waters due to its use as an antiknock agent in motor fuels
of watercraft, as well as with surface runoff from urban areas. This substance is highly toxic and
has cumulative properties.

The content of tetraethyl lead in water bodies for domestic, drinking, cultural, domestic
and fishery purposes is not permitted [6].

Pollution with heavy metals can destroy all life in natural waters and in biological
treatment facilities for municipal wastewater under certain conditions. It should also be noted
that it is important to capture heavy metals and other components from waste solutions in order
to reduce the specific removal of salts from the electrolyte in order to increase their efficiency.

For many industries, the problem of extracting metals from solutions in which the
concentration of heavy metal ions does not exceed units of grams per liter is relevant.

During electrolysis, the solution is purified from metal ions, and valuable metals are also
extracted in the form of products. But, as is known, electrochemical processes are heterogeneous,
i.e. the reduction reaction occurs only on the surface of the cathode, so the process is ineffective.
In addition, at a low concentration of metal ions in the waste solutions, the main part of the
current will be spent on a side unnecessary process — the release of hydrogen gas [7].

In this regard, there is a need to develop effective methods for cleaning water bodies,
since the previous, existing methods cannot be considered perfect in modern conditions. One of
the main directions in the creation of new waste-free and environmentally friendly technologies
for the disposal of waste solutions and waste water and the extraction of heavy non-ferrous metal
ions from them may be the use of electrochemical methods using volumetric-porous electrodes,
including lump (powder) electrodes with a highly developed surface 7-10]. The use of such
electrodes is notable for the fact that the costs are minimal; the processes are practically reagent-
free [11].

Materials and research methods

To conduct electrolysis in a flow mode, a conductive graphite plate with small holes is
placed at the bottom of the electrolyzer. Lump graphite electrodes with a diameter of 0.2-0.25
cm, which are poured onto the plate, were used as a cathode. The height of the lump electrode
layer varies depending on the electrolysis conditions within the range from 0.5 to 3.0 cm. A
graphite rod located in the upper part of the electrolyzer served as an anode. The analyzed
solution containing heavy metal ions was passed at a given speed through a layer of lump
electrodes. The distance between the front surface of the cathode and the graphite anode is 50
mm. Electrolysis was carried out at a cathode current density of 50-550 A/m?.

The content of heavy metal ions in the analyzed solution before and after the experiments
was determined by the polarographic method on an oscillographic polarograph brand PO-5122.
Depending on the wave height on the polarograph, the metal content is found using the formula
[38]:



Cwme = (hx 'CCT)/hCT (1)

where, Cme — concentration of heavy metals in the test solution, g/l; hx, he — readings
during polarography of the test and standard solutions; C.: — concentration of heavy metals in the
standard solution, g/l. The degree of purification of the solution from heavy metal ions was
calculated using the formula:

a (%) = (Cme(r) — Cme(2)/ Cwmve(n)) - 100 (2)

Here Cweq) IS the concentration of the metal in the analyzed solution, g/l (before the
experiment); Cwe() IS the concentration of the metal after electrolysis, g/l.

To calculate the current efficiency, using Faraday's law, we calculate the mass of lead
ions that theoretically passed into the solution:

Micop. =1 -7+ 3)

where, | — current strength, A; t — electrolysis time, hour; g — electrochemical equivalent,
g/A-hour.
The power yield was calculated using the formula:

pOWGr yleld = mpractical / mtheory -100% (4)

Results and Discussion

The influence of such factors as current density (i, A/m?), solution flow rate (V, ml/h),
size of lump electrodes (I, cm), thickness of the lump electrode layer (*, cm), and initial
concentration of lead ions ([Pb(I1)], g/l) on the degree of lead extraction was studied.

Wastewater containing lead ions is passed at a certain speed through the layer of the lump
electrode.

The studies were based on the purification of waste solutions from lead ions by their
electrolytic reduction on a lump graphite cathode to an elemental state, according to the reaction:

Pb?* + 2e — Pb° (5)

The following process takes place at the anode:

2H0 - 02+ 4H * + 48 (6)

Studies of the effect of current density (Table 1) on the degree of solution purification
from lead (11) ions were conducted within the current density range from 50 A/m? to 550 A/m?.
With an increase in current density, the degree of lead extraction at 150 A/m? reaches 98%, a

further increase in current density leads to a decrease in the degree of metal extraction to 95%.

Table 1 — Effect of current density (i, A/m?) on the degree of lead extraction (*,%),
(Vsiow= 150 ml/hour, [Pb?*]ini. = 200 mg/l; 1 =0.1 cm; d = 0.1 cm; 6 = 0.5 cm)

i, A/m? 50 150 250 350 450 550

o, % 85.5 98.0 97.2 97.2 96.3 95.0

The maximum degree of metal extraction is achieved when the entire volume of the
electrode operates in the mode of the limiting diffusion current. A decrease in the degree of lead



(1) extraction with an increase in current density can be explained by an increase in the
competitive process — hydrogen evolution.

The curve showing the dependence of the degree of extraction on the change in the
solution flow rate passes through a maximum. This phenomenon can be explained by the fact
that with an increase in the flow rate, the solution layer expands, mass transfer increases and,
accordingly, the limiting current density. Further, at even higher flow rates, lead (I1) ions do not
have time to be reduced on the electrodes, and this leads to a sharp decrease in the degree of
metal extraction from the solution.

With an increase in the initial concentration of lead in the solution (Fig. 1) from 0.5 g/l to
3.5 g/l, the degree of lead extraction at 2.0 g/l reaches its maximum (97%), at high
concentrations its decrease is observed. As we assume, at the cathode, due to the discharge of
hydrogen ions, an increase in the pH of the solution is observed in the near-cathode space, and
lead ions form hydroxide according to the reaction:

Pb%* + OH" — Pb(OH)2 4 (7

If we take into account the presence of oxygen in the electrolyte, then the following
reaction may occur:

2Pb + O, + H20 — 2Pb(OH). 4 (8)

The released white precipitate of lead hydroxide at high concentrations of lead slows
down the process of metal extraction on the surface of lump electrodes. Increasing the
concentration of HNO3 in the electrolyte reduces the degree of lead extraction, due to the good
solubility of the released lead in the electrolyte. For example, in the process of electrolysis
without HNOg, the degree of lead extraction is 90%.
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Figure 1 — Effect of the initial concentration of lead ions [Pb(1l), g/l] on the degree of
lead extraction (a%), | = 150 A/m?; Vinit. = 200 ml/hour; I = 0.1 cm; d=0,1 cm; §=0,5cm

Increasing the acid concentration from 5 g/l to 30 g/l, the degree of lead extraction
decreases from 60% to 35%.

The effect of the electrode material on the electrolysis process is also considered. The
maximum degree of extraction is observed on the graphite electrode (98%), and on the lead
electrode this figure reached 67.7%, on the copper electrode — only 44%.

When studying the effect of the size of lump electrodes, it turned out that a high degree of
extraction is achieved when using pieces with a diameter of 0.1 cm and a length of 0.1 cm; it
should be noted that on small powder electrodes, lead extraction decreases. Apparently, when



passing the solution through very fine graphite powder, the powder particles stick together, i.e.
they are characterized by agglomeration and the reaction surface of the electrodes decreases.

With an increase in the layer thickness of the lump graphite electrode to 3.0 cm, as can be
seen from Figure 2, the degree of lead extraction reaches 99.2% already at a layer thickness of
0.5 cm, then it decreases. In the volume of large lump electrodes, when a cathode potential is
applied, zones of anodic polarization may occur; this is explained by the formation of a clot of
particles that acquire the functions of a bipolar electrode. Zones of maximum polarization and
electrically inactive zones may also occur. In the absence of lump electrodes, the degree of lead
extraction does not exceed 15%. Under optimal conditions (i = 150 A/m?,V =150 ml/ h; § =0.5
cm; | = 0.1 cm), the degree of lead extraction reached 99.4%. It should be noted that if the initial
solution is passed through several such electrolyzers, the degree of lead extraction will be even
higher. The precipitated lead can be separated from the electrode by burning the graphite
electrode.
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Figure 2 — Effect of electrode layer thickness (3, cm) on the degree of lead extraction
(0%), 1 = 150 A/m?; [Pb?*Tinit. = 200 mg/l; Vinit. = 200 mi/hour; 1= 0.1 cm; d = 0.1 cm

Thus, waste water or waste solutions can be almost completely purified from lead ions
using piece electrodes. Waste water purification problems can be solved using electrochemical
methods. These methods are simple, easy to use, almost reagent-free and cost-effective.

Conclusion

The features of lead (I1) ion extraction from waste solutions and mine waters on lump
electrodes with a developed surface were studied. The results of the study showed that the use of
lump electrodes can significantly increase the degree of solution purification compared to flat
electrodes.

The influence of various electrochemical parameters on the process of lead (I1) ion
reduction on lump electrodes was studied and optimal conditions were established (i = 125-175
A/m? V = 125-175 ml / h; § = 0.5 cm; | = 0.1 cm), and the degree of lead extraction from the
solution reached 99.4%.

It was shown that the degree of lead extraction from lead-containing solutions can be
increased to 99.9%. A basic scheme for extracting metal ions from waste solutions on lump
electrodes is proposed.
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MN3BJEYEHUE HOHOB CBUHIIA (11) U3 CTOYHBIX BO/{
AJNIEKTPOXUMHNYECKUM METOA0OM

bycypmanoBa AxkkeH:ke UaHIapoBHa
YuuBepcuretr EcenoBa, Akray, Kazaxcran

AnHoTanus. [IpoGnema u3BIE€UEHHS TSHKEIBIX M LIBETHBIX METAJUIOB M3 OTPaOOTaHHBIX
pacTBOpPOB TaJIbBAHUYECKOTO IIPOM3BOJCTBA HMeEET OOJIbIIOE 3HAYEHHWE C TOYKU 3PEHUs
yJIaBJIMBAaHUS LIEHHBIX JUI1 HApPOJHOTO XO34HCTBA METAJIIOB M HEHTpaIM3aLUU IPOMBILIIIEHHBIX
cTO4YHbIX BOA. CyILECTBYIOLIME METO/bl M3BJIECYEHUS CBHHLA U3 OTPabOTaHHBIX PAacTBOPOB U
CTOYHBIX BOJ B OCHOBHOM HpEMOJaratoT J00aBJI€HUE peareéHTOB. DTH METOJbl MMEIOT psif
HE/IOCTATKOB:  SKOHOMMYECKass HEpeHTAa0elbHOCTh; HE COOTBETCTBYET COBPEMEHHBIM
9KOJIOTUYECKUM TpeOOBaHMSM; JONOJHUTEIbHOE 3arpsA3HEHHE HOHaMU M 0Opa3oBaHUE
MaJIOPaCTBOPUMBIX COEIUHEHUH, U TPYILOEMKOCTh H3BJICUEHMS METAJUIOB M3 HUX. Bim3kum k
IPEUI0)KEHHOMY HaMH Croco0y IO TEeXHHYECKOH CYTH SBISETCS HCIOJIb30BaHHE OOBEMHO-
MOPHUCTBIX MPOTOYHBIX IEKTPOJIOB, U3TOTOBJIEHHBIX U3 YIIIEPOAHBIX BOJIOKHUCTBIX MAaTepHAJIOB.
Henocratkom naHHOro cmoco0a sBIS€TCS BBICOKash CTOMMOCTh 3JIEKTPOJOB, CBsSI3aHHAsA C
UCTOJb30BAHMEM  YITIEPOAHBIX  BOJIOKHHMCTBIX ~ MarepuanoB.  HauOonee  BBITOAHBIM
MIPEICTABISETCS MPEUIOKEHHBIM HAMHM  DJIEKTPOXMMHYECKHH METOJ C HCIOJIb30BAHHUEM
KYCKOBBIX 3JIEKTPOJIOB C Pa3BUTOM MOBEpXHOCThIO. B mpemiaraemoil pabore mpeacTaBiIeHBI
pe3yabTaThl AJIEKTPOJIM3a PACTBOPOB C HadajdbHOM KoHIeHTpauued cBuHna 200 mr/m Ha
KYCKOBBIX T'pa)UTOBBIX 3JEKTpOJaxX. DKCHEPUMEHTHI IMPOBOJUIUCH B MPOTOUYHOM PEXHUME Ha
O00BEMHBIX KYCKOBBIX TIpaHTOBBIX OHIEKTPOJAaX B 3JEKTpOJHM3epe. OKCHepUMEHTaIbHas
YCTaHOBKAa MCIIOJIb30BAJIaCh ISl OYHUCTKUM OTpPaOOTaHHBIX pacTBOPOB OT HMOHOB CBHHIA
AIEKTPOXUMUYECKUM METOJOM C HCIIOJIB30BAHMEM IUTYYHBIX 9JIEKTPOJOB C Pa3BUTOU
MIOBEPXHOCTBIO. JIEKTPOJIM3EPHAs YCTAHOBKA COCTOMT W3 JIBYyX CTEKISIHHBIX COCYIOB H
ANIEKTPOJIM3epa C KYCKOBBIMM 3JIEKTPOJIAMH, KOTOpbIE SIBISIIOTCA KaTroaoM, a I'padUTOBBIH



CTEPKEHB CIY’KUT aHOJIOM. ToJIMHA CJI0S1 KYCKOBOTO 3JIEKTPOJA U3MEHSIIACH B 3aBUCUMOCTH OT
yCIoBUH dKcniepuMenTa B npeaenax 0,5-3 cum.

KiawueBble cjioBa: »KcTpakuusi; snekTponus; wuoHbl cBuHOa (II); rTpaduroBsie
JIEKTPO/IBI.

IJEKTPOXUMMUSAJIBIK OAICIIEH AFBIHAbI CYJAPJAH KOPFACBIH (1)
HNOHJAPBIH AJTY

bycypmanoBa AKkeH:ke UaHIIAPKbI3bI
Ecenos yauBepcurerti, Akray, Kazakcran

AnHoTanus. ["arbBaHUKAIBIK OHIPICTIH MaiIaJaHbUIFaH ePITIHAUIEPIHEH aybIp KoHE
TYCTI MeTaJAap/bl ally MOceNeci XaablK MapyallbUIbIFbl YIIIH KYHIBI METaIAapIbl YCTay JKOHE
OHEPKACINTIK aFbIHJBI CyJap/abl OedTapanTaHIbIPy TYPFHICBIHAH YJKEH MaHbI3ra ue. Kauabik
epITIHAUIEp MEH aFbIHIBI CyJlapAaH KOPFAChIHABI aTyIbIH KOJIAHBICTAFbl OMICTEPl HETI31HEH
peareHTTepll KOCyAbl KaMTuAbl. byn omictepnain Oipkarap KeMIIUTIKTEP1 O0ap: SKOHOMHMKAIBIK
THIMCI3/IIK; Ka31pTi KOJOTUSIIBIK TajJanTapra COMKec KeIMEH I, HOHIapAbIH KOCHIMIIIA JTaCTaHYbI
JKOHE EpIMEHTIH KOCBUIBICTAPJBbIH TY3UTyl JKOHE OJIapflaH MeTalfapibl adyAblH KypJAeiuTiri.
TexHukanblK TYpFbIaH 013 YChIHFAH 9JIICKE YKAKbIH — KOMIPTEKTI TaJIIBIKT MaTepuasaapAaH
KacalFaH KeJieMJl KeyeKT1 aFblHIbl 3JIEKTpOATapiAbl maijanany. byna omicTiH keMmuniri —
KOMIPTEKT1 TAIIBIKTEI MaTepUaIap bl MaiaaJaHyMeH OailIaHBICThI AJICKTPOITAPIBIH KOFAPHI
KyHbl. EH THiMIiCi — OCBI YCBIHFaH JJIEKTPOXUMUSUIBIK OJIC, O€T1 JaMbIFaH DJIEKTPOATAPIbI
KOJ1aHy. ¥CBIHBUIFAH J>KYMBICTa KeceK TpaduT >3JIEKTPOATApbIHAAa KOPFACBIHHBIH OacTamkbl
koHneHTpamusachl 200 Mr/in GoJIaThbIH epITIHAUICPIIH AJICKTPOJIU3IHIH HOTKEIEPl KeNTIPIITeH.
Toxipubenep anekTpoiuzepreri kejeMai rpadUT dIEKTPOATAPBIHAA AaFBIHIBI PEKUMJIC
KYPrizuial. OKCIEPUMEHTTIK KOHABIPFBI KOPFAaChblH HWOHAAPBIHAH KAJIJBIK epiTiHALIepal
ANEKTPOXUMUSIIBIK OJICTICH, O€Ti JaMbIFaH JJICKTPOATApIbl KOJJaHAa OTHIPHII Ta3apTy YIIiH
KOJITaHBUIJBL. DIEKTPOJIU3ep KOHIBIPFBICH €K1 UIBIHBI BIIBICTAH jKOHE KaTOJ OOJIbIN TaObLIaThIH
ANIEKTPOATAPHI Oap ANIEKTPOIU3EPICH TYPaJibl, ajl rpadUT TasKIIAChl aHOJ PETIHIE KbI3MET eTeIi.
Kecek nanexktpon KabaThbIHBIH KaJbIHIBIFBl IKCIEPUMEHT >KaraaibiHa OaitnmanbicTel 0,5-3 cm
apasbIFbIH/IA ©3TePL.

Tyiin ce3mep: »dkcTpakmms; d3nekTponu3; KopraceiH (II) wmowmaper; rpadur
ANIEKTPOATAPHI.
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