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PHISYCO-CHEMICAL ANALYSIS OF A TIN-CONTAINING
ELECTROLYTIC SLIME

Abstract. This article is devoted to the problems of formation and of determination of the tin-containing slime
composition formed during the electrolytic tinning. Slimeformed in acidic or subacidelectrolytes is a product of
hydrolysis containing hydrated salts and metal hydroxides, which is shown in this work on the example of tin.In
alkaline electrolytes, along with specified tin compounds and impurity metals, sulphate compounds of metals can be
present in the slime, since sodium sulfate is added to stabilize and increase the ionic strength of the electrolyte.

To assess the quality of tin-containing slime proposed for the research by Kasting LLP (Almaty), elemental, X-
ray fluorescent, X-ray phase and IR spectroscopic analysis methods were used using the appropriate modern
analytical equipment.

From the presented analysis results, it follows that the main components of the slime are tin, lead, copper and
iron, with tin accounted for more than 11%, which implies that this slime could be considered as a rich secondary
source of tin.Copper, lead and tin are present in the slime as Sn;O, SnO, CaSn(OH)s, Na,SnO;,
Na4(Sn(OH)3)2(SnzO(OH)4), NaQSn(OOH)G, CaCU(C2H302)4(H20)6, CU3(SO3)2(H20)2, PbOQ, Nanz(C03)20H
Regarding other important metals, it is worth mentioning the presence of gold and silver in the slime.

It was additionally confirmed by IR-spectroscopic analysis that the slime contains the following groups: [OH] ,
[SO5]*,[HSOs]and [SO.]* .

Keywords.Tin, tin-containing slime, hydrolysis, physico-chemical analysis, secondary raw materials.

Introduction.Nowadays, the production and consumption of tin in the world reaches significant
proportions.Tin consumption data of 171 companies over the world, with a total refined tin consumption
share of more than 47% in 2009, is shown in the table 1(source : ITRI — International Tin Research
Institute).

Table 1 — Data on the consumption of primary refined tin in the world[1]

Product name Refined tin consumption by year, thousand tons

2004 2005 2006 2007 2008 2009 2010
Solders 157.3 168.5 197.2 203.4 182.3 172.0 194.3
Tinplate 60.5 59.7 59.6 58.1 57.2 53.8 58.8
Chemicals 49.7 48.7 50.0 52.5 47.8 42.5 51.0
Brass and bronze 20.2 20.0 21.5 21.1 20.1 18.2 19.5
Glass 6.6 6.8 6.7 7.7 6.5 7.5 7.0
Other 33.5 31.9 32.7 30.0 34.5 26.2 29.7
Total 327.7 335.5 367.7 372.7 348.4 320.2 360.3

As follows from Table 1, more than 50% of tin consumption is accounted for by solders, and a
significant amount - by tinplate, chemicals and alloys production. Moreover, it should be noted, that the
consumption of solders tends to increase.

It is known that there is a shortage of tin in the world, so the return of secondary tin to production is
of particular importance. Secondary tin is used in industry mainly in the form of alloys (bronze, solders,
babbits), but some of it comes back in the form of pure metal during regeneration from various wastes.
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Classification of tin-containing industrial wastes [2, 3], processed for the production of secondary
alloys or pure tin, is given in Table 2.

Table2 — Classification of the main types of tin-containing waste

Type of tin waste Content of tin, %
1. Bell bronze scrap >6.0
2. Cannon bronze scrap >6.0
3. Shavings and scrap of high-tin bronzes >6.0
4. Paper factories grid >2.0
5. Shavings and scrap of tin bronzes >2.0
6. Tin foil >98.5
7. Scrap and shavings of high-tin babbits 83.0
8. Scrap of typographic tin foams, babbits, die cutting, shavings of lead-tin babbit >5.0
9. Tin scraps, used cans and other 1-2
10. Lead-antimonic-tin solders (depending on the brand of solder) 1-95
11. Sludge, electrolytic sludge, etc. >1.0

The processing of tin-containing scrap and solders is most often done by melting them and by
producing another tin-containing product (solders, bronze, pure tin). Tin scraps and bronze are often
recycled using electrochemical technologies [2, 4-8].

A number of authors [9-11] propose to make the recycling of ash and electrolytic slimes,containing
lead along with tin, in two main stages.

The first stage is soda-reduction melting, the main technological parameters of which are the
following: temperature - 1523 + 50 K, consumption of reducing agent - 8.5%, consumption of soda - 3%.
At this stage, the yield of the alloy reaches 48-52%, and the extraction of lead and tin into the alloy
reaches 98 and 95%, respectively. At the second stage, it is proposed to conduct electrolysis using
fluorosilicic and fluoboricelectrolytes and the following process conditions :current density - 200 A / m2,
cathode sediment build-up time - 96 hours, electrolyte circulation - 0.9 m3 / h, electrolyte adjustment for
lead.An alloy with a content of 60-65% Pb and 34-39% Sn, which is useful as analloy for the preparation
of solders [9-11], is produced on the cathode.

Such types of waste always attract the attention of scientists and researchers. The electrolytic slime,
which was chosen as the object of this research, is of particular interest, in view of its changing
composition depending on the type of electrolyte.

In acid and subacid sulfuric acid electrolytes, tin-containing slime is mostly formed as a result of the
hydrolysis proceeding through the following reactions in two stages [12, 13].

The first stage of the hydrolysis:

SnSO,2 Sn*" + SO,” (dissociation of salt); (1)
Sn*" + HOH 2SnOH" + H" (cation hydrolysis); ()
Sn*" + SO, + HOH 2SnOH" + SO,” + H" 3)
(ionic equation);

2SnSO4+ 2H,0 2 [Sn(OH)],SO4 + H2SO4 4)

(molecular equation).

The second stage of the hydrolysis:

[Sn(OH)],S0,2 2SnOH " + SO,” (dissociation of salt); %)
SnOH" + HOH 2 Sn(OH),| + H" (cation hydrolysis); (6)
SnOH" + SO,* + HOH 2 Sn(OH), + SO,* + H" (7)
(ionic equation);

[Sn(OH)],SO4 + 2H,0 2 2Sn(OH), + H,SO, ®)

(molecular equation).

In the case of muriatic tin-containing electrolytes, that are used less often than sulfuric acid
electrolytes, hydrolysis is also proceeded in two stages [12, 13].
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The first stage of the hydrolysis :

SnCl, + HOH 2 SnOHCI + HCI (molecular equation); )

Sn*" + 2CI'+ HOH 2 SnOH" + CI'+ H" + CI (10)

(complete ionic equation);

Sn*" + HOH 2SnOH" + H" (net ionic equation). (11)
The second stage of the hydrolysis:

SnOHCI + H,02Sn(OH), + HCI (12)

(molecular equation);

SnOH" + CI" + H,02Sn(OH), + H" + CI" (complete ionic equation); (13)

SnOH" + H,02Sn(0OH), + H" (net ionic equation). (14)

When dissolving tin salts, so-called combined hydrolysis may occur, which occurs in two cases: by
dissolving a tin salt, the anion of which is an anion of a weak acid, and by mixing solutions of two salts
that contain hydrolyzablecations and anions. Often hydrolysis of this type is an almost irreversible
reaction.

Such situation can be considered using the following example of tin silicate (II): the dissociation of
the tin salt when in contact with water proceeds according to the scheme of cation and anion hydrolysis in

two stages.
SnSiO;2 Sn'* + Si057, (15)
The first stage of the hydrolysis:
Sn"? + H,02 SnOH™+ H" (cation hydrolysis); (16)
SiO;* +H,0 2 HSi05 + OH" (anion hydrolysis); (17)
Sn*" + Si0;” + H,02 SnOH " + HSiO5" (18)

(general hydrolysis equation).

The second stage of the hydrolysis:

SnOH" + H,0 2 Sn(OH), + H" (cation hydrolysis); (19)
HSiO;” + H,O2 H,SiOs+ OH (anion hydrolysis); (20)
SnOH" + HSiO5 + H,0 2 Sn(OH), + H,Si05 (21)

(general hydrolysis equation).

Thus, in the electrolyte slime obtained by tinning from acidic and neutral electrolytes, both basic
sulfur and chlorine-containing tin salts and tin hydroxides can be detected.

During electrolytic tinning, among alkali electrolytes, along with impurity metals and hydroxides and
basic salts of tin, the following could be present in the slime: carbonates sulfates, sulfites, and spongy tin
deposit on the cathode.The presence of sulphate and sulphite compounds in the slime is due to the fact that
sodium sulfate and sulfite are added to stabilize and increase the ionic strength of the electrolyte.

As a result of the oxidation of tin compounds and sponge tin, tin oxides can be detected in a certain
amount - another possible component of electrolytic slimes formed by tinning from alkaline electrolytes
[11, 15-16].

The method of tin-containing slimes processing depends primarily on their nature and composition,
therefore the purpose of the present work is to determine the composition of the sulfate tin electrolyte
slime proposed for its composition study by Casting LLP.

The relevance of the study is justified by the fact that there is currently no industrial production of tin
in the Republic of Kazakhstan,thoughthe tinning technology is established, but the resulting electrolytic
slimes are not processed, despite the high content of tin.

Results and discussion.Physico-chemical analysis of electrolyte tin-containing slime was done using
several methods, each of the analyzes was performed in three parallel experiments. Therefore, the
chemical composition of the slime is an average value obtained during the research, and the X-ray
diffraction pattern, micrograph and IR spectrum are chosen to be the most representative and consistent
with the chemical composition.

—— |4 ——
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Analysis of the slime sample was performed using a Phenom XL scanning electron microscope of the
company Phenom-World (Thermo ScientificTM, The Netherlands) under FOV conditions: 50.7 pm,
Mode: 15kV-Point, Detector: BSD Full. It showed that both the structure (Figure 1) and the composition
(Table 3) of the slime are heterogeneous.

When examining the microphotography of the in the slime, it can be seen that there are phases of
different nature and size. In the composition of the slime were found copper, lead, antimony, aluminum
and iron in addition to tin. It means that, the slime is multicomponent and may be difficult to process.

e e -

Figure 1 - Micrograph of electrolytic tin-containing slime indicating the points at which its elemental analysis was performed

Table 3 - Elemental analysis of tin-containing slime obtained using the Phenom XL electron microscope

Content
at. % | wt. % | at. % | wt. % | at. % | wt. %
Element - - -
Point on the microphotography (Figure 1)
1 2 3

[0) 59.40 32.70 68.96 50.08 65.56 44.90

Sb 7.52 31.49 - - - -
Na 25.56 20.22 21.71 22.65 20.87 20.54
Pb 1.58 11.30 1.13 10.65 0.98 8.66
Sn - - 1.41 7.61 1.44 7.33
Si 1.37 1.33 2.10 2.67 1.54 1.86
Ca - - 1.09 1.98 0.52 0.88
S 0.98 1.08 091 1.33 1.18 1.62
Al 0.77 0.72 1.03 1.27 0.60 0.70
Fe - - 0.44 1.10 1.34 3.19
C 2.81 1.16 1.22 0.66 2.69 1.38
Cu - - - - 3.28 8.92

In order to carry out further research, a more thorough averaging of the slime by the methods of
quarting and rolling is done. A preliminary elemental analysis of the given slime is then carried out. The
results of the analysis are shown in Table 4. The Fe, Se, Ag, and Au contents were determined by the
neutron activation analysis method, the Cu, Ni, Sn, Pb content - by inductively coupled plasma atomic
emission spectrometry (ICP-AES). The accuracy of elements identifying is given below. It was not
possible to determine silicon in the slime composition by these methods.

Table 4 - Results of preliminary elemental analysis of sulfate electrolytic tin-containing slime

Contents
Sa;npl wt. % ppm
Fe Cu Ni Se Ag Sn Pb Au
1 2.13+0.22 3.2+1.0 0.33+0.11 0.107+0.012 0.189+0.019 11.0+3.3 9.6+2.9 43.5+0.5
2 2.02+0.20 3.3£1.0 0.33+0.11 0.108+0.012 0.188+0.019 11.5+3.5 9.742.9 | 46.0+0.05
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From the presented analysis results, it follows that the main components of the slime are tin, lead,
copper and iron, with tin accounted for 8-11%, which implies that this slime could be considered as a rich
secondary source of tin. Regarding other important metals, it is worth mentioning the presence of gold and
silver in the slime.

To refine the elemental composition of the slime, X-ray fluorescence analysis was also performed
using Venus 200 AxiosPANalyical B.V. wave diffuser spectrometer. (Holland). The results are presented
in Table 5.

Table 5 — The results of X-ray fluorescence analysis of electrolyte slime

Element Contents, % Element Contents, % Element Contents, %
(0] 46.711 Sb 1,103 Se 0,099
S 3.673 As 0,431 P 0,036
Si 3.309 Cl 0,148 Cr 0,131

Na 18.776 Ca 0,718 Ti 0,117
Sn 10.450 Zn 0,550 K 0,115
Pb 6.244 Mg 0,376 Mn 0,040
Cu 3.047 Ba 0,328 Nb 0,026
Fe 1.963 Ni 0,210 Sr 0,011
Al 1.242 Ag 0,144 Other 0,002

Total 100.0

As it follows from the results (Table 5), the Fe, Cu, Ni, Se, Ag, Sn, and Pb contents is within the
limits of the preliminary elemental analysis (Table 3), i.e. tin, lead, copper and silver may be significant
for the processing of this slime.

The presence of a large amount of oxygen, sulfur and silicon in the samples of the slime (Tables 3-5)
suggests that sulfates, oxides, hydroxides, basic metal salts, possibly silicates or silica of various
modifications can be detected during the phase analysis.
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Figure 2 - Diffraction pattern of electrolyte tin-containing slime

(diffractometer D8 Advance, a-Cu radiation)
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When X-ray diffraction analysis was carried out using the diffractometer D8 Advance (BRUKER), it

was found that because of diffraction reflexes overlapping and non-stoichiometric phase composition, it is
not possible to clearly select and determine the concentration of phases present in the sample. In addition,
there are unidentified peaks in the sample. The results of qualitative X-ray diffraction analysis of tin-

containing slime are presented in Figure 2 and Table 6.

Table 6 - Results of qualitative X-ray phase analysis of electrolyte tin-containing slime

Phase | Formula | Phase | Formula
Tin-containing compounds
TinOxide Sn;0, Burtite, syn CaSn(OH),
TinOxide SnO, SodiumTinOxideHydroxide Na,Sn(OOH),
Berndtite-2T SnS, SodiumTinOxideHydroxide Nay(Sn(OH)3),(Sn,O(OH),)
SodiumTinOxide Na,Sn0O; SodiumTinSulfideHydrate (Nay(H,0)14)(SnS,)
Compounds containing ferrous and non-ferrous metals
CopperSulfateHydr
ate Cu3(S03),(H,0), Paceite, syn CaCu(C,H50,),° 6H,0
Plattnerite, syn PbO, SodiumLeadCarbonateHydroxide NaPb,(CO3),0OH
Brownmillerite, syn | Ca,(Fe,Al),Os Hohmannite Fe,(SO,),(OH), 7TH,O
Other phases
Quartzlow -
theoretical SiO, Trona Naz;H(CO3),-2H,0
Moganite Si0, Mirabilite, syn Nay(SO,4)-10H,O

As follows from the presented results (Fig. 2, Table 6), oxidized compounds-oxides, hydroxides,
carbonates and hydrated compounds prevail in the composition of tin-containing slime. The main phases
containing tin are the following compounds : Sn;O4, SnO,, SnS,, Na,SnO;, CaSn(OH)s, Na,Sn(OOH)g,
Nay(Sn(OH)3),(Snp,O(OH),) and (Nay(H0),14)(SnS,). Of the phases containing non-ferrous metals, it
should be noted copper-containing phases(Cuz(SOs),(H,0), andCaCu(C,H;0,)4- 6H,0), as well aslead-
containing compounds (PbO, and NaPb,(CO;),0OH).The accuracy of the X-ray phase analysis did not
allow us to establish the phases in which silver and gold are included.
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Figure 3 - IR spectrum of tin-containing slime

Silicon dioxide in the form of phases "Quartzlow - theoretical" and "Moganite" was detected in the
slime. It may negatively affect the processing of the investigated slime when using both mineral acids and
bases as reagents. Crystalline hydrates - sodium sulphate and hydrogen carbonate - can influence the acid
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processing of slime and electrolysis of the resulting tin-containing solutions. Therefore, when selecting
reagents and calculating the thermodynamic characteristics of slime leaching, the presence of these
compounds should be taken into account.

In order to clarify the picture of the phase analysis of the tin-containing slime, its group analysis was
carried out using an infrared spectrophotometer BrukerAlpha in the wave number range from 4000 to 500
cm™, the spectrogram of which is shown in Figure 3.

The IR spectroscopic analysis (Figure 3) shows that in the compounds present in the slime, the main
functional groups are the following: [OH], [COs]*", [HSOs], [SOs]* u [SO4]*. Thus, absorption bands
with wave numbers of 3454 and 3023 cm™, related to the valence vibration of the [OH] group, are
observed in the high-frequency region of the spectrum. The absorption bands with a wave number of 1698
cm’' correspond to the deformation vibrations of the [OH] - group.

The absorption bands with a wavenumber of 1457 cmcorrespond to the stretching vibrations of
[CO5]* groups. The ones with wavenumbers of 1117 cm™ and 990 c¢m correspond to [HSO;]™ and [SO5]
groups respectively. The ones with wavenumbers of 876 and 850 cmalso correspond to the stretching
vibrations of [HSO;]" and [SOs] groups. An absorption band with a wave number of 617 cm’
corresponding to the stretching vibrations of the groups [SO4]* was also detected.

Thus, using the IR spectroscopic analysis method, the presence of hydroxides, carbonates, sulfates
and sulfites in the electrolytic tin-containing slime is confirmed. In addition, the presence of hydrosulfite
is possible in the slime.

3axmawuenne.During the study of elemental, phase and group composition of tin-containing slime, it
was found that both the structure and the composition of the slime are heterogeneous. The main
components of the slime are tin, lead, copper and iron,with tin accounted for 8-14 %.

According to X-ray phase analysis, oxidized compounds (oxides, hydroxides, carbonates and
hydrated compounds) prevail in the composition of tin-containing slime. Using IR spectroscopic analysis,
the presence of hydroxides, carbonates, sulfates and sulfites in the electrolytic tin-containing slime was
confirmed and the possible presence of hydrosulfites was detected.

The present research allows to conclude that tin-containing electrolytic slime can be a rich source of
secondary tin. This findingis relevant for the Republic of Kazakhstan, which does not have its own
industrial production of tin.

The present research was carried out in the scope of the project No. AP05132725 under the agreement
with the Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan.
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Kazak ¥JNTThIK TEXHUKAJIBIK 3€PTTEY YHUBEPCHUTETI», AJIMATHI;
2CYJ'I617IM€H Hemupen yHusepcureti, Mcnapra, Typkus;
*MemiekeTTik KoMMmyHagiMeKeMe «Ne20 MEKTeIKe IeHiHTT IaFbIH OPTAIBIFEl 6ap
Kannel 0i1iM Oepy opTa MekTeO1», Anmatsl 001bIchl, Tanrap aynansl, beckaiinap aybLibt

KYPAMBIHJIA KAJAWBI BAP DJIEKTPOJIMTTI KOXK/Ibl ®U3UKO-XUMMSLIBIK TAJIJAY

AnHoTauus. Byn maxamana SIeKTPOJMTTI Taszanay Ke3iHIE TybIHIANTHIHKYpaMblHAA Kanaibl Oap KOXXKIapAblH
KaJBIITaCybl MEH KYpaMbl KapacTpbuiasl. Kamalibl aiy MakamachIHBIH MBICAIBIHIA KOPCETIUTeH el KbIIIKBUIABI KIHE JJICi3
KBIIIKBULABI JIEKTPONUTTEH, SIEKTPOIUTTI KOX - THAPOIU3 OHiMi Gonbin Tabbu1aasl. CIATiNi 3MEKTponuTTepAe Oepinrexn
Kaaiibl KOCBUIBICTapbl MEH METaJUl KOCBUIBICTapBhIHAH O6eJeK, KoXkIa Cyiab(aTThl KOCHUIBICTAp OOJyBl MYMKIiH, ceOebi,
MOHJIBIK KYIUTI XKOFAPbUIATY )KOHE TYPAKTaHBIPY YIIiH dJIEKTPOJIUTKE HATPHHA CYIb(AThIH KOCAIBI.

«Kactunr» XKIIC-ven (Anmathl Kanachl)KypamblHIa Kajaibl 0ap KOXIBIH KYpaMblH aHBIKTay MaKCaThIHIA
3aMaHayd  KYpbUIFBUIAD  KOJIAAHBUIATBIH  DJIEKTPOHIBl ~ MHUKDOCKONHMS,  3JEMEHTTi, PEHTICHO(IIyOpECIeHTTI,
pentrenodasanainsl xxoHe MK-CeKTpoCcKONMUYeCcKUsIIbIK Tajliay dAicTepi KOJAaHbLIa b

bepinren Ttanmay HOTHXKEIEPIHEHKOXKIBIH HETI3T KOMIOHEHTTEpPi OOJBIN MBIC, KOPFACBIH JKOHE Kalalbl EKeHi
aHBIKTAJIIbI, COHBIH ©3iHJe KanalblHbIH Memmepi 11 % acansl, Oy OepiiareH KOXAbIH eKIHIIUIK Kanaiibira 0ail eKeHiH
kepcetemi. MpbIC, KOpFachlH JKOHE  Kajaibl KOk  Kypambiaa  Sn;O4,  SnO,, CaSn(OH)s, Na,SnOs,
Na4(Sn(OH)3)2(Sn20(OH)4), NaZSn(OOH)(,, CaCU(C2H3OZ)4(H20)6, Cu3(SO3)2(H20)2, PbOZ, Nanz(CO3)20H
KOBICBUIBICTAP TYpiHJAE Ke3/eceTiHi aHbIKTanasl. Kok kypambinaarer [OH], [SO3]2’,[HSO3]’ KoHE [SO4]2’ tontapsl K-
CHEKTPOCKONHUAdICiMEH OaiiKaFaH.

Tyiiin ce3nep. Kanaiibl, Kanaitbl KypamIsl KOk, THAPOJIN3, PU3UKO-XUMHSJIBIK TaJIay, CKIHIIUIIK [IHKi3aT.

VK 669.648
T.A. Yconbuenal*, M.C. Alcﬁaponl, A. AK‘Il/lJ‘lz, A.A. flplcmaa3

1HCKOMMCp‘{€CKOG aKkuuoHepHoe o01ecTBo «Kazaxckuii HallMOHANBHBIN
HCCIe0BaTeNIbCKII TexHUUecknil yanBepcuteT nMenn K.W. CatmaeBay, r. AnMmarsr;
*Vuusepcurer Cyneiimana Jemupens, r. Mcnapra, Typs;
T oCyIapcTBEHHOE KOMMYHalbHOe yupexaerne «O0meodpa3oBarenbHas cpentsis mkoaaNe20
C JIOLIKOJIbHBIM MUHHIIEHTPOMY», €. beckaiinap Tanrapckoro paiiona AJIMaTHHCKOH 001acTi

®U3UKO-XUMUYECKHUI AHAJIA3 QJEKTPOJTUTHYECKOT'O OJIOBOCOJAEPKAIIEIO IIIJIAMA

AnHoTanus. Hacrosmas cTaThst IOCBsAIIEHa BONpocaM 00pa30BaHMs W ONPENETIeHHs COCTaBa OJIOBOCOIEPIKAIIETO
nIaMa, 00pa3yloIIerocss B XOJ€ AIICKTPONUTHYECKoro nyxeHus. IllmaM, oOpa3yromuicst B KUCIBIX U CIA0OKUCIIBIX
3JIEKTPOJIUTAX — MPOAYKT TUAPOIN3A, COACPKAIIMNA TMAPATUPOBAHHBIE COJIM U THAPOKCUABI METAJIIOB, YTO MOKA3aHO Ha
npuUMepe 0JI0Ba. B IIENOYHBIX IEKTPOJIUTAX, HAPSY C YKa3aHHBIMH COCAMHEHHMSMH OJIOBA M NPHMECHBIX METAJUIOB, B
[ITaMe MOTYT IIPHCYTCTBOBATH CyJIb(QaTHbIE COSANHEHNUSI METAIUIOB, IIOCKOJIBKY ISl CTaOMIN3alUH U YBEIUIECHHST HOHHOM
CHUIBI DJIEKTPOJINTA JOOABISIOT CyIb(aT HATPHSL.

Jlis1 OolleHKM KadecTBa OJIOBOCOJAEPIKAILEro IjiaMa, HpeanokeHHoro i u3ydeHus cocraBa TOO «Kactunr» (T.
AnMartsl), IPUMEHSIIN METO]] 3JIEKTPOHHON MUKPOCKOIIMU, 3JIEMEHTHBIN, pEHTI€HO(IIyOPECLICHTHBIH, PEHTIeHO(ha30BbIi U
HK-criekTpocKOnn4eckuii MeToJbl aHajlu3a C MCIIOJb30BAHMEM COOTBETCTBYIOIETO COBPEMEHHOTO AHAIUTHYECKOTO
o0opynoBaHusl.

W3 mpencraBieHHBIX pe3yJbTaTOB aHAIM3a CIIEAyeT, YTO OCHOBHBIMHM KOMIIOHEHTaMH IUIamMa SBISIOTCS OJIOBO,
CBUHEILI, ME/Ib M JKeJIe30, IPHUEM Ha 0J0BO npuxonutcs Oonee 11 %, 4To MO3BONSET CUMTATH JAHHBIA 1UIaM OOraThIM
BTOPHYHBIM HCTOYHUKOM 0JIOBa. Menb, CBUHEL M OJIOBO MPUCYTCTBYIOT B LUIaMe B Buae coequHeHuil Sn;O4, SnO,,
CaSn(OH)G, Nazsn03, Na4(SH(OH)})z(Snzo(OH)4), Nazsn(OOH)G, CaCu(C2H302)4(H20)6, CU3(SO3)2(H20)2, PbOZ,
NaPb,(CO3),0H. 13 apyrux 3Ha4MMBIX METAJJIOB CJEQyeT OTMETUTh HaJIM4ue B LUIaMe 30J10Ta U cepebpa. Hannuue B
cocraBe nwiama rpymm: [OHJ, [SO3]2’,[HSO3]’ u [SO4]2’ OTONMHUTENRHO monaTBepkaeHo MK-cnexTpockommueckum
METO/IOM aHaJIn3a.

Kawuessble cioBa. OoBo, 0JIOBOCOACPIKAIINHN 1ILTaM, THAPONIN3, PU3UKO-XUMHUECKHI aHATN3, BTOPHYHOE ChIPhE.
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