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DEPENDENCE OF SULFIDE-ALKALINE LEACHING
OF OXIDIZED LEAD-ZINC BARITE ORES SINTERS

Abstract. Learned the regularities of sulphide-alkali leaching sinters of oxidized lead-zinc-barite ore of
Alashpay deposit. Sinter obtained at a temperature of 850 °C, 2.5 hours exposure, the content in the charge of 25%
Na,S0y4, 15 % carbon-containing reductant. Research the process of leaching of oxidized ores sinter made at
temperatures of 25, 50, 75, 90 %C, the concentration of sodium sulphide is 0; 0.4; 0.8; 1.0; 1.5; 2.0 moles/l, leaching
duration 1 and 2 hours, L/S ratio = 3:1 + 4:1. SEM-EPMA studyofsinters, leaching cakes showed, that thiocom-
pounds of heavy non-ferrous metals hydrometallurgical processing of sulfide-alkaline solution decompose, lead, zinc
and copper sulfides turned into cakes. There is accumulation of heavy non-ferrous metals in cakes, %: lead up to
40 %, zinc up to 1.07 %, copper up to 0.42 %, which then are processed with traditional methods with gaining raw
lead and zinc slag. In cakes, content of heavy non-ferrous metals increases in 4.5-5.5 times. The optimum conditions
for leaching of oxidized ores sinters are: temperature 90 °C, L/S ratio = 4:1, concentration of sodium sulphide
2,0 mol/l, promote complete conversion of barium compounds in sulfide-alkaline solution, from which subsequently
precipitated barium carbonate with soda,which is a raw material for producing metallic barium. Using methods of
thiosalts metallurgy allow to solve the problem of recycling of oxidized lead-zinc-barite ores with extraction of all
valuable components in commercial products.

Keywords: sintering, thiosalts of nonferrous metals, sodium sulfide, barium sulfide, an alkali sulfide solution,
leaching, yield of cake.

Introduction. Complex processing of oxidized lead-zinc-barite ore using thiosalts metallurgy method
comprises ore sintering in a reducing atmosphere in the presence of sodium sulfate, leaching sinter, con-
taining non-ferrous metals thiosalts, melting cake leach into raw lead. The effectiveness of the technolo-
gical scheme is largely determined by the leaching of sinter operation, as non-ferrous metals thiosalts have
different solubility in sulphide-alkaline solution, which opens up the possibility of a high selectivity at this
stage [1-5]. Containing non-ferrous metals thiosalts sinters leaching regularities research, have conside-
rable interest and limited character.

Conduct of non-ferrous metals in aqueous solutions questions, including sulfide, thiosulfate comp-
lexes, studied at the prospect of the development of effective technologies of opening different types of
raw materials, with the release of valuable components. One such example is thiosulfate leaching of
sulphidic raw materials containing precious metals [6]. It is noted that the thiosulfate leaching ores
containing precious metals at normal temperatures can dramatically reduce reagent consumption, with a
dissolution rate comparable to the rate cyanidation.

The complex technology of processing antimony oxide-sulphide concentrates and semiproducts,
including electrical melting on thiosalts, molten glass and circulating dust. The melt of thiosalts negotiable
sublimates is processed by leaching and release of antimony from sulfide-alkaline solutions by electrolysis
or by cementation on aluminum. Extracting antimony from this process is a solution of 99.0% [7, 8].

There is proposed method for processing copper electrolytic slime melting on the matte-slag melt
comprising thiosalts non-ferrous metals and raw lead, which concentrate the precious metals. Molten slag-
matte is leached with subsequent separation of selenium, tellurium and arsenic [2, 9, 10].

Using the technologies developed, based on physico-chemical properties non-ferrous metals thiosalts,
for research object - oxidized lead-zinc-barite ore of Alashpay deposit, it is difficult and cannot be used for
the processing of these complex materials.
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Completed earlier studies of sintering ore of Alashpay deposit made possible to determine the
optimum temperature in the range of 800-900 °C, the dependence further hydrometallurgical processing
of the sinter are not clarified, so that it becomes necessary to examine the issues of sulfide-alkali
leaching sinters.

Experimental Part and Results Discussion

The object of study - sinters oxidized lead-zinc-barite ore of Alashpay deposit. Reagents: sodium sul-
fate, carbonaceous reducing agent, sodium sulfide. Methods of analysis: spectral, X-ray, X-ray fluo-
rescence, atomic adsorption, chemical. Equipment: electricalchamber furnace,laboratory facility for sinter
leaching, including thermostatically controlled reaction vessel in which the temperature is maintained to
within + 0.01 °C. To eliminate the vaporization process on the reaction vessel was installed water con-
denser, stirring was carried out with a glass stirrer speed of 600 rot/min. Dependence of the process of
leaching of oxidized ores sinter of Alashpay deposit researched at temperatures of 25, 50, 75, 90 OC, the
concentration of sodium sulphide is 0; 0.4; 0.8; 1.0; 1.5; 2.0 mol/l, leaching duration 1 and 2 hours, L/S
ratio =3:1 + 4:1.

In research sinter obtained at a temperature of 850 °C, 2.5 hours exposure, the content in the charge of
25% Na,SOy, 15% carbon-containing reductant.

An electronic probe in the sample sinter analyzed, deciphered, and diagnosed the following
mineral phases: a lead-containing complex formation leadhillite (Pbs(SO4)(CO),(OH),), hyalophane
((K,Ba)[AI(Si,Al)Si,0g], pyromorphite, galena, cerussite, tetradymite, iron oxides, native silverand non-
metallic minerals — barite, quartz, muscovite, feldspar, calcite, and others (Figure 1).

C———102mm  SK

0.2 mm gL ——————10.2mm " Bal 1 02mm bM

Figure 1 — The splice barite with lead new formation leadhillite, hyalophane
in sinter (COMPO, x250) and the concentration of elements in minerals sinter (EDS, x250):
1 — leadhillite; 2 — hyalophane.
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Sinter XRD (Figure 2) allowed to determine the formation of barium metasilicate (BaSiOs), spotted
the compound Ba,;SicO,6, which is a part of solid solutions group. Distinctive is a fact that during the
sintering, formation of the barium silicates starts at the lower temperatures compared to the data from
diagram of condition of system BaO-SiO,.

3
5
E

Lin(Counts)

Figure 2 — The XRD pattern of sinter charge 25 % Na,SO,4 and 15 % C, obtained under optimal conditions

Analysis of x-ray analysis results of the sinter, synthesized at 1073 K is witnessing that besides solid
solutions based on BaO and SiO,, the destruction of the crystal grid of barite is happening with the ob-
taining of sulfate-sulfite complex Ba(S0O;)3(S04)o7. In the sinter, presence of barium thiosalts is marked,
where cation of barium is an initiator of formation of thiosalts of the type Ba,Me,.S,, identified thio-
compounds BaCu,SnS,, Ba;FeSs, BaFe,S,, BagFesS;s.

Sinter leaching process in aqueous-alkaline solutions sulfide proceeds by dissolution of non-ferrous
metals thiosalts such as barium and iron, to cake are transferred sulphides of heavy nonferrous metals and
gangue components. Increasing concentrations of sodium sulphide from 0 to 2.0 mol/l in the leaching of
the cake enhances solubility of non-ferrous metal compounds, and consequently the amount of dissolved
sinter is increased, cake weight is reduced, which allows to concentrate heavy metals in the cake colored
with a minimum amount of impurities. It is found that the leaching sinter at 25 °C, increasing concen-
trations of Na,S from 0 to 2.0 mol/l cake yield decreases ranging from 11.2 to 12.6%. Increasing the
length of the process from 1 to 2 hours to reduce the cake output to 0.4-2.6%, changing the L/S ratio from
3:1 to 4:1 cake output decrease by 0.2-0.8% is observed (Figure 3 a). Study of sinter leaching at 50 °C
showed that the cake output is reduced in the range of 11.6-13.6%. Increasing the process time of 1 to
2 hours leads to a decrease of the cake on average 1.0-3.0%, changing the L/S ratio from 3:1 to 4:1
reduces cake output to 0.6-2.4% (Figure 3 b). Dependence of the hydrometallurgical sinter processing at
75 °C testify that cake output is reduced in the range of 12-15% (Figure 3 c). Increased sinter leaching
duration of 1 to 2 hours reduces the cake output to 1.4-4.0%. Changing the L/S ratio from 3:1 to 4:1
determined that in this range cake yield reduced to 0.4-3.8%. Study of dependence of increasing the sinter
leaching process temperatures up to 90 °C made possible to determine that increasing the sodium sulfide
concentration of 0 to 2.0 mol/l affects the cake output decline in the range of 12-16.5%, duration of
leaching from 1 to 2 hours reduces the cake output to 0.4-4.8%. Changing the L/S ratio from 3:1 to 4:1
reduces the output of cake in the range of 0.4-3.4% (Figure 3 d).
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Figure 3 — Dependence of cake weight change of the Na,S concentration, L/S ratio (1, 2 - 3:1; 3, 4 — 4:1),
duration (1, 3 — 1 h; 2, 4 — 2 h) and different temperatures, °C:a—25;b-50;¢c—75;d—90

In content of the cakes leaching at 25 °C with increasing concentrations of Na,S from 0 to 2.0 mol/l
there is an increase in the lead content of 8.56 to 9.7 %, zinc from 0.249 to 0.4 % copper from 0.084 to
0.128 %, where in the content of metal compounds cakes that dissolve in alkaline-sulfide solutions, some-
what reduced: for barium from 7.44 to 7.1 %, iron - from 5.106 to 4.65 % (Figure 4 a). Cake after leaching
at a temperature of 50 °C for lead concentrated from 8.56 to 10.6 %, zinc from 0.249 to 0.5 %, copper of
0.084 to 0.141 %, where in the barium content in the cake is reduced from 7.44 to 7.0 % iron - from 5.1 to
4.55 % (Figure 4 b). Content of leaching sinters cake at temperature of 75 °C is also dependent of sodium
sulfide concentration: when it is raised from 0 to 2.0 mol/l lead content increased to 13 %, zinc - up to
0.35 % copper - 0.14 %. However, there is several reduced content of barium and iron in cake - to from
6.9 to 6.3 and from 5.09 to 4.4 %, respectively (Figure 4 c). Increased temperature of sinters leaching
process up to 90 °C made possible to determine, that the composition of cakes concentrated sharply: on
lead - up to 40.14 %, zinc - up to 1.07 %, copper - up to 0.424 %. Increment of the concentration of so-
dium sulfide from 0 to 2.0 mol/l results in lead content gain to 12-14 %. It should be noted that the
transition of barium compounds in sulfide alkaline solution intensifies, content of barium and iron at
increasing concentrations of Na,S from 0 to 2.0 mol/l reduces from 6.9 to 1.15 on barium and from 5.09 to
2.0 % on iron (Figure 4 d).
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Figure 4 — The dependence of the metal content in the leach cakes of Na,S concentration at different temperatures, °C:
a—25;b-50;¢c—75;d-90. L/S ratio =4:1

In the analysis of dependence of non-ferrous metal content changes in leaching cakes it should be
noted, in these products there is an increase in the content of heavy non-ferrous metals, like lead, zinc,
copper in 4.5-5.5 times, content of barium and iron in cakes is reduced in 4.5-7.5 times.

SEM-EPMA research obtained after leaching cakes (Figure 5) confirmed the concentration of heavy
non-ferrous metals, since thiocompounds and sulfides of these metals are not dissolved in alkaline sulfide
solutions, there is an accumulation of lead sulphide, zinc and copper.

It is noted that the barium and iron thiocompounds during the leaching pass into the sulfide-alkali
solution most intensively at high temperatures, resulting in optimal conditions for the operation should be
considered as the temperature 90 °C, L/S ratio = 4:1, duration 2 hours. Sinter leaching temperature at
90 °C is necessary for the process in the translation sulphide Ba$ in solution as then barium precipitated
from sulfide-alkali liquor.

Conclusions. The studies on the leaching of the sinter obtained at 850 °C, 2.5 hours exposure, content
in the charge 25 % of Na,SO., 15 % carbonaceous reductant, showed that increasing the concentration of
sodium sulphide from 0 to 2.0 mol/l enhances the dissolution, reduction of cake yield, increase of lead,
zinc, copper content in 4.5-5.5 times. Lead content in cakes reaches 40 %, zinc — to 1.07 %, copper —
to 0.42 %. Carrying out the reduction smelting of this product will provide raw lead, containing silver,
and zinc slags, from which these metals are extracted by conventional methods. Because of the need to
retrieve barium from sulfide-alkali solution optimum leaching conditions are: process temperature 90 °C,
L/S ratio = 4:1, duration 2 hours. Barium sulfide goes into solution under these conditions is almost
completely, further precipitates from the sulfide alkaline solution for further extraction of metallic barium.
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Figure5 — SEM images of the cake samples (COMPO, x250)
with elementwise mapping (EDS, x250): 1 — galena; 2 — quartz; 3 — hyalophane

REFERENCES

[1] Kopylov N.I., Lata V.A., Toguzov M.Z. Interactions and phase conditions at sulfide systems’ melts. Almaty: Gylym,
2001. 438 p.

[2] Kopylov N.I, Lata V.A., Polyvyanniy L.R., Khegai L.D. Diagrams of binary and ternary thiosystems. Almaty:
IMOBMS-SARK, 1997. 211 p.

[3] Sokolovskaya L.V., Zhalelev R.Z., Baiguatov D.I., Alexeyev S.O. Research of solid synthesis during creation of
methods of processing technogenic products of copper production // Scientific research proceedings of BMMF problems.
Balkhash, 2001. P. 225.

[4] Sokolovskaya L.V. Methods of thiosalts metallurgy during processing of technogenic lead materials / Metallurgy,
beneficiation, materials science: proceedings of scientific researches. — Almaty: Centre of earth science,metallurgy and ore
beneficiation JSC, 2009. P. 42-45.

[S] Kvyatkovskiy S.A., Sokolovskaya L.V., Semenova A.S. Recycling of lead technogenic raw materials // Progressive
methods of beneficiation and complex recycling of natural and technogenic mineral raw material: Materials of international
congress. Almaty: Centre of earth science, metallurgy and ore beneficiation JSC, 2014. P. 401-403.

[6] Vorobyev A.E., Karginov K.G., Schelkin A.A., Chekushina T.V., Chekushina E.V. The kinetics of the thiosulfate
leaching process and ways of its intensification // International Symposium "Week of the miner - 2002". 15 Seminar "Prospects
for the development of physical and chemical methods of mineral extraction”. M.: publishing house of MGTU, 2002.

[7] Melnikov S.M., Rozlovskiy L.L., Shuklin L.M., Baiborodov P.P., Kolbin N.A., Kulbatskiy I.S., Ponomarev F.I.,
Berdichevskiy B.I., Shupikov B.A., Dronov N.V., Ischenko N.V., Ezhkov L.B. Antimony. M.: Metallurgy, 1977. 535 p.

[8] Patent 934 RK. The charge for the processing of antimony-containing materials by electrical melting / Sokolovskaya
L.V, Lata V.A., Vlasenko G.G., Alekseyev S.O., Mustyatsa O.N., Zarubitskiy O.G., Fomenko S.M.; publ. 15.06.94, Bul. Ne2.

[9] Kotlyar Yu.A., Mereutkov A.S., Strizhko L.S. Metallurgy of precious metals. M.: Ore and Metals, 2005. 432 p.

—— 134 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 3. 2017

[10] Belyavskiy M.A., Meyerovich L.S., Meretukov M.A. Promising ways hydrometallurgical processing of gold and
silver-containing raw materials abroad. Overview. M.: TSNIItsvetmet, economics and informatics, 1985. Edition 3.52 c.

[11] Skellern M.G., Howie R.A., Lachowski E.E., Skakle J.M.S. Barium-Deficient Celsian, Ba;_,Al,,,Si»1,,Og (x = 0.20 or
0.06) // ActaCrystallorg., Sect. C. 2003. Vol. 59. P. 111-114.

[12] Allameh S.M., Sandhage K.H. Synthesis of Celsian (BaAl,Si,0g) from Solid Ba — Al — Al,O3 — SiO, Precursors: I,
XRD and SEM/EDX Analyses of Phase Evolution // J. Am. Ceram. Soc. 1997. V. 80. P. 3109-3126.

[13] Savchuk G.K., Petrochenko T.P., Klimza A.A. Celsian ceramics obtaining and dielectric properties based on
BaAl,Si,05 hexagonal modification // Non-organic materials. 2013. Vol. 49, N 6. P. 674-679.

[14] Boivin J.C., Mairesse G. Material Developments in Fast Oxide Ion Conductors // Chem. Mater. 1998. Vol. 10. P. 270-
2888.

[15] Steele B.C.H., Heinzel A. Materials for Fuel-Cell Technologies // Nature. 2001. C. 414. P. 345-352.
[16] Kilner J.A. Fast Oxygen Transport in Acceptor Doped Oxides // Solid State Ionics. 2000. Vol. 129. P. 13-23.

[17] Toropov N.A., Barzakovskiy V.P., Lapin V.V., Kurtseva N.N. Silicate systems state diagrams. Directory. L.: Science,
1969. 822 p.

[18] Shabanova G.N., Tsapko N.S., LogvinkovS.M. and others. Phase balances in high-Ba domain of BaO — Al,0; — SiO,
system // Questions of chemistry and chemistry technology. 2009. N 4. P. 218-221.

[19] Andreyev O.V., Parshukov N.N. System of Cu,S-BaS as possible HTSC //Journal of non-organic chemistry. 1991. Vol.
36, N 8. P.2106-2107.

[20] Kertman A.V., Shalneva N.V. Phase balances in BaS-Ga,S; system // Journal of non-organic chemistry. 2016. Vol. 61,
N 1. P. 115-120.
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JI. B. CokouaoBckas, C. A. KarkoBckuii, A. C. Cemenona, JI. I1. Kum, P. C. CelicembaeB

AO «MHCTHTYT MeTaUTyprud u oboramenus», Anmarsl, Kazaxcran

3AKOHOMEPHOCTHU CYJb®UAHO-IIEJTOYHOT' O
BBIIIEJTAYNBAHUSA CIIEKOB OKUCJIEHHBIX
CBUHHOBO-IIMHKOBBIX BAPUTOBBIX PY |

AnHoTanusi. V3y4eHbl 3aKOHOMEPHOCTHU CYJIb()UAHO-IIEIOYHOrO BBIIIENIAYMBAHUS CIIEKOB OKHUCICHHBIX CBHUH-
LIOBO-LIMHKOBBIX GAPMTOBBIX Py MECTOpOXIeHns Anammaii. Crieku mosydeHsl mpu Temneparype 850 °C, Bbinepikke
2,5 ygaca, cogepxkanun B muxTe 25 % Na,SO, 15 % yrneponcomepkaiero BoccTaHoBuTens. MccnempoBaHus
nporecca BhIIETaYMBAHMS CIIeKa OKHCICHHBIX Py MPOBEICHBI IPH TeMmmepatypax 25, 50, 75, 90 °C, kouuenTparmu
cepuuctoro Harpus 0; 0,4; 0,8; 1,0; 1,5; 2,0 MoJIb/J1, TPOJODKUTEILHOCTH BhIIIETaYMBaHUs | U 2 yaca, OTHOLICHUSX
JK:T = 3:1 + 4:1. DICKTPOHHO-30HIOBBIC UCCIICIOBAHMS CIIEKOB, KEKOB BBIIICITAYMBAHUS [TOKA3AIH, YTO 00pa30BaB-
IIMECS THUOCOCIUHCHUS TSDKCNBIX I[BETHBIX METAUIOB MHPU THAPOMETAJUTYPIHUYSCKOU mepepaboTKe CyIbQHIHO-
IIETIOYHBIM PAaCTBOPOM PA3JIararoTCs, B KK MEPEXOAAT CYIb(QUIbI CBUHIIA, IMHKA U MeTu. [IpONCXOAUT HAKOIUICHHE
TSDKENBIX LBETHBIX METANIOB B Kekax, %: cBuHua a0 40 %, uunka go 1,07 %, menu no 0,42 %, koTophle najnee
nepepadaThIBAIOTCS TPATUIIMOHHBIME CIIOCO0aMU ¢ TIOTYYeHHEM YepHOBOTO CBHHIIA M IIMHKOBOTO IITaKa. B kekax
COJIepKaHME IIBETHBIX METAIUIOB MOBEIMaercs B 4,5-5,5 pa3. OnTuManbHbIC YCIOBUS MPOBEICHHS BBIIIEIAYHBAHUS
CIIEKOB OKHCJICHHBIX py1: Temneparypa 90 °C, otHomenne JK:T = 4:1, koHUEHTpaLuMs cyib(uaa Harpus 2,0 MOJIb/II,
CHOCOOCTBYIOT MOJHOMY MEPEXOJy COCOUHEHHUH Oapusi B CyJIb(pUIHO-IIEIOUYHONH PACTBOP, M3 KOTOPOTO BIOCHE-
CTBUH COJIOW Ocaxkmaercsa KapOoHAT Oapus, SBISIOMIMNCS HMCXOAHBIM CBHIPBEM ISl TONYYEHHUS METaUIMYECKOTO
Gapus. Mcnonp30BaHNEe METOIOB METAJUTYPTHH THOCOJIEH MO3BOJSET KOMIUIEKCHO PEHINTh MpobieMy mepepaboTKu
OKHUCJICHHBIX CBHUHIIOBO-IIMHKOBBLIX GapI/ITOBI)IX pya € U3BJICYCHUEM BCCX ILCHHBIX KOMIIOHCHTOB B TOBApHBLIC IIPO-
IYKTBI.

KaioueBble ciioBa: criekaHue, THOCOJIM LBETHBIX METAJUIOB, Cyibdua HaTpus, cynbdua Oapus, cyabpuaHo-
IIETIOYHOHN pacTBOp, BBIICTAYNBAHIE, BBIXO KEKa.

BBenenne. KommuiekcHasi nepepaboTka OKHMCIEHHBIX CBHHIIOBO-LIMHKOBBIX OapUTOBBIX PYA C HC-
MOJIb30BAHUEM METOJOM METAJUIyprUd THUOCOJIEH BKIIOYAET CIEKAaHWE PYIbl B BOCCTAHOBUTEIBHOU
atMoc(epe B IPUCYTCTBUHU Cylb(haTa HaTpus, BBIIIENAYNBAHNE CIIEKa, COJAEPIKAIIET0 THOCOIH IIBETHBIX
METaJUIOB, TUIABKY KEKa BBIIICIaYMBAHUS HA 4YEpHOBOH CBUHEU. D(P(PEKTUBHOCTH TEXHOIOTUYECKOI
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CXEMBl BO MHOTOM OIpEHAENACTCS Omepaluedl BBIIICTAYMBAHUS CIEKa, TaK KaK THOCOJHM LIBETHBIX
METaJUIOB 00JIalal0T Pa3IMYHON PAaCTBOPUMOCTBIO B CyJIb(GHIHO-IIENOYHBIX PAacTBOPaX, YTO OTKPHIBACT
BO3MOXXHOCTh BBICOKOW CENEKTHBHOCTH Ha 3Toi ctaamu [1-5]. UccnenoBanusi 3aKOHOMEPHOCTEH BHITIIC-
JIaYMBaHUs CIIEKOB, COAEPIKALINX THOCOIHN LBETHBIX METAJIJIOB, MPEACTABISAIOT 3HAUUTENBHBIA HHTEPEC U
HOCSIT OTPaHUYEHHBII XapakTep.

Bomnpockl nmoBefieHHsT LBETHBIX METAUIOB B BOTHBIX PAacTBOPAax, BKIIOYAIOUIMX CYJIbQUAHBIC, THO-
Cynb(aTHble KOMIUIEKCHI M3y4YaloTcs B CBSI3U C MEPCHEKTHBOH pa3paboTKH 3((EKTHUBHBIX TEXHOJIOTHI
BCKPBITUSL PA3IMYHBIX BHUJOB CHIPbS, C BBIACIEHHEM LIEHHBIX KOMIIOHEHTOB. TakuM IpUMEpPOM MOXKET
CIIyHUTh THOCYJIb()ATHOE BBILICIIAYMBAHUE CYJIb(GHUIHOTO CHIPhS, COACPXKAIICTO OJIaropoIHbIC METaJIIbI
[6]. OT™eueHo, yTO THOCYNB(ATHOE BHIIICTAYMBAHUE PYIl, COACPKAIIUX ONArOPOIHBIE METaJUIbl, TPU
HOpPMAaJIbHOM TeMIiepaTtype MO3BOJIET PE3KO CHU3UTh PacxoJl peareHTOB, MIPHU 3TOM CKOPOCTh pPacTBOpe-
HHSI COTIOCTaBUMa CO CKOPOCTBIO NIPH LIUAHUPOBAHUU.

Pa3paborana KOMIUIEKCHAsT TEXHOJIOTHs NepepabOTKU CYypPbMSIHBIX OKCHIHO-CYJIb(GHUIHBIX KOHIIEH-
TPaToB ¥ MPOMIPOAYKTOB, BKJIIOYAIONIAs JIEKTPOIIABKY HAa THOCOJIU, CTEKJIIOMACCy U OOOPOTHBIE IBUIN.
PacrinaB THOCOJ€H ¢ 00OPOTHBIME BO3TOHAMH NEpepadaThIBAIOT BHIILEIAYNBAHIUEM U BBIACICHHEM Cypb-
MBI U3 CYJIb(QHIHO-IIETOYHBIX PACTBOPOB AJIEKTPOJIU30M WM LIEeMEHTalUuel Ha alloMUHMU. V3BieueHue
CYPBMBI B PacTBOP 110 3TOMY crioco0y cocrasiser 6onee 99,0 % [7, 8].

[pennoxen cnocod mepepabOTKH MenedIeKTPOIUTHHIX LIIaMOB IJIaBKOHW Ha INTEHHO-ILTaKOBBINA
pacrias, BKJIIOYAIONIMA THOCOIN LBETHBIX METAJIJIOB M YEPHOBOM CBHUHEL, B KOTOPOM KOHLEHTPUPYIOTCS
Onmaropognbie MeTajutbl. 1lITeHHO-IUTAKOBBIA pacijiaB BBIIIEIAYUBAIOT C MOCICAYIOMIMM BbIACICHUEM
ceJieHa, TeJuTypa U MBITIbska [2, 9, 10].

Hcnonp3oBanue pa3paOOTaHHBIX TEXHOJIOTHH, OCHOBAaHHBIX Ha (HHU3UKO-XUMHUYECKUX CBOHCTBAX
THOCOJIEH I[BETHBIX METAJIJIOB, AJS1 00bEKTa MUCCIEA0BAaHUS — OKHCICHHBIX CBUHIIOBO-IIMHKOBBIX OapuTO-
BBIX PYyJZl MECTOPOXIEHHS AJallnai, NpeICcTaBsIeTcsl 3aTPy/JHUTEIBHBIM U HE MOXET IPUMEHATHCS IS
nepepaboTKH 3TUX CIOXKHBIX MAaTEPUAIOB.

BrimosnHeHHBIE paHEe HCCIEAOBaHMSA IO CIEKAHUIO DPyA MECTOPOXIACHHUA AJjammaid IMO3BOIHI
OTpe/IeTHTh ONTHMAJIBHBINH TeMIepaTypHbIii peskuM B uHTepBate 800-900 °C, 3aKOHOMEPHOCTH Jallb-
HeHIel THAPOMEeTaJUTyprHIecKoil epepaboTKH CreKa He BBISICHEHBI, BCIEICTBHE Yero BO3HUKAET HEOO-
XOIMMOCTB U3YYEHHUS BOIPOCOB CYJIb(UAHO-IIETOUHOTO BhILIICTAaYUBAHNS CIIEKOB.

JKCNEePUMEHTAJBHASL YacTh U 00cyxaeHue pe3yabTaToB. OOBEKT HCCIEIOBAHUS — CIEKH OKHUC-
JICHHOW CBWHIIOBO-IIMHKOBOW OapuTOBOW PyABl MecTOpoXneHHs Ajammaid. Pearentsl: cynbdaT HaTpus,
YTIEpOACOACP KA BOCCTAaHOBUTENb, CyAb(ua HaTpus. MeTonbl aHanmu3a: CHEKTPalbHBIN, PEHTIeHO-
(a30BbIiA, PEHTTEHO(IIIOOPECIIEHTHBIH, aTOMHO-aJICOPOLIMOHHBINA, XUMHUYECKUH. ATmaparypa: 3JIEKTpo-
neus conporusieHus: kamepHas CHOJI 12/16, naboparopHasi ycTaHOBKA BBHIIIENAYWBAHUS CIIEKa, BKITIO-
Jaromas TepMOCTaTUPOBAHHBIN PEaKIMOHHBIN COCYJ, TeMIleparypa B KOTOPOM IOJIEPKUBAETCS C TOY-
HocTio + 0,01 °C. J{js McKimodeHns mporecca mapooOpasoBaHMs HA PEAKIMOHHBIN COCY yCTaHABIH-
BaJIM BOJSHOHN XOJOAWIBHUK, NEPEMEIIUBAHUE OCYLIECTBIISAIM CTEKISTHHOM MEIIAIKOM CO CKOPOCTHIO
600 06/MHUH. 3aKOHOMEPHOCTH BBILIEIAUYUBAHUA CIIEKa OKUCICHHBIX CBHHIIOBO-LIMHKOBBIX OapUTOBBIX PYA
MECTOPOX/ICHNs AJAIINai H3ydanuch IpH Temmeparypax 25, 50, 75, 90 °C, KOHIIEHTPAIMH CEPHUCTOrO
Hatpus 0; 0,4; 0,8; 1,0; 1,5; 2,0 Mop/1, MPOIOMKUTETHHOCTH BBITIENaunBaHus | 1 2 yaca, OTHOIIEHUH
KT =3:1+4:1.

B nccnenoBaHUsAX HCIOIB30BANIN CIIEK, MTOJyUYEHHBIH B ONTHUMAJBHBIX YCIOBHAX, IPU TEMIIEpaType
850 OC, BBIZICPKKE 2,5 daca, comepskanuu B mmxte 25 % Na,SO4 u 15 % yraepoaconepsxaiiero BoccTa-
HOBHTETIS.

Ha »snektpoHHOM 30HAE B Mpobe crieka NpOaHATU3UPOBAHBI, PaCIIU(pPOBAHBI W ITUATHOCTHPO-
BaHBl CJeNyIolllie MHHEpalbHble (a3bl: CII0KHOE CBHHEICOAepKaliee OoO0pa3oBaHUE JIEATHUIIUT
(Pb4y(SO4)(CO),(OH),), ruanodan ((K,Ba)[Al(Si,Al)Si,Og], nmupoMopduT, rajieHuT, LEPYCCUT, TeTpa-
JUMHT, OKCHJBI JKejie3a, CaMOpOJIHOEe cepeOpo M HepyIHble MUHEpaibl — OapuT, KBapl, MYCKOBHT,
TTOJICBBIC TITIATHI, KAJIBITUT | JIp. (PUCYHOK 1).

PentrenodazoBerii ananmn3 créka (pPECYHOK 2) ITO3BOJIMII ONPEICIIUTD, YTO MTPOUCXOIUT 00pa3oBaHUE
MeTtacunukata Oapus (BaSiOs;), oOHapyxeHo coemnmHeHue BasSigOjs, KOTOpOE OTHECEHO K TpyIIe
TBEPIBIX PACTBOPOB. XapaKTEPHBIM SBIAETCS TO, YTO NpPU CIEKAaHUHM OOpa3oBaHHE CHIIMKATOB OapHs
HauuHaeTcs npu Oojiee HU3KUX TEMIEpaTypax, B CPABHEHUH C JAHHBIM TUArPaMMbl COCTOSIHUSL CHCTEMBI
BaO-SiO, [11-18].
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Pucynok 1 — CpocTok 6Gapura co CBUHIIOBEIM HOBOOOPa30BaHHEM JIEATHILIHTOM, THaTo(aHoM B cniéke (COMPO, x250)
1 KOHIICHTpANHs JIeMeHToB B MuHepanax cnéka (EDS, x250): 1 — nearmwuut; 2 — ruanodan

AHanmu3 pe3ynpTaToB PEHTreHO(a30BOr0 aHalW3a CIEKa IMOKa3al, 4TO KpoMme o0pa30oBaBIIHNXCS
TBEpAbIX pacTBOopoB Ha ocHoBe BaO u SiO,, maer mpouecc paspylleHHs KPHUCTATUYECKON peleTKH
OapuTa c momy4eHneM cyibpaTHO-cynbpuTHOTO KomIuiekca Ba(S0s3)o3:(SO4)o7. B cnékax nHabmromaeTcst
o0Opa3oBaHMe THOCOJICH Oapus, TJie KATHOH Oapus SBISCTCS MHUIMATOPOM OOpa3oBaHMs THOCOJICH THIA
Ba,Me,,S,, ooHapyxeHnbl coequnenns BaCu,ZnS,, BasFeSs, BaFe,S,, BagFe, S5 [19-20].

[Ipomecc BhIenaunBanre CHéKa B BOTHBIX CYIb(HIHO-IIETOYHBIX PAaCTBOpPaX MPOTEKAET 3a CUET
PacTBOPEHUS THOCOJICH TaKUX I[BETHBIX METAJIOB, Kak Oapwii W jKele30, B KeK MEePEeXOAiT CYJIb(HUIbI
TSDKEIIBIX [BETHBIX METAJIOB M KOMIIOHCHTHI MyCTOM MOpoAbl. [10BEINIEHHE KOHIICHTPAIIMH CEPHUCTOTO
Hatpus oT 0 mo 2,0 MONB/T TpH BBHIIIENAYMBAHUU CIIEKa CIIOCOOCTBYET MOBBIIICHHUIO PACTBOPUMOCTH
COETMHEHHUH IBETHBIX METAIUIOB, &, CJIIEJOBATEIHHO, KOINIECTBO PACTBOPEHHOTO CIIEKAa BO3PACTAET, BEC
KeKa YMEHBIIACTCS, YTO TIO3BOJSET CKOHIICHTPUPOBATH TSKEIbIC IIBETHHIC METAJUTBI B KEKE C MUHUMAIIb-
HBIM KOJIMYECTBOM MPUMeCeH. Y CTaHOBJIEHO, YTO MPH BBIIIEIAYMBAHAN criéka npu Temmeparype 25 °C,
MTOBBIMICHNN KOHIEHTpaIud Na,S or 0 mo 2,0 Moib/JT BRIXOM Keka CHIDKaeTcs B MHTepBajie oT 11,2 mo
12,6 %. YBenuueHue npoA0KUTENIEHOCTH TIpoliecca OoT 1 0 2 4acoB MO3BOJISIET CHU3UTH BHIXOJ KeKa Ha
0,4-2,6%, npu uzmenennn otHomenus XK:T ot 3:1 mo 4:1 HabmogaeTcs yMeHbIIIEHHE BhIXOJa KeKa Ha
0,2-0,8 % (pucyHOK 3 a). M3yueHue 3aKOHOMEpHOCTeil BbIllenaunBanus créka npu 50 °C mokasaino, 4To
BBIXOJ] K€Ka CHIDKaeTcs B mHTepBaine 11,6-13,6 %. YBennueHnue mpoaoKUTEIBHOCTH TIpoliecca ot 1 1o
2 4acoB BJIMSCT Ha YMEHBILICHUE BBIX0/a Keka B cpenneM Ha 1,0-3,0 %, usmenenue otHomeHus K:T ot
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Pucynok 2 — JTudpakrorpamma cnéka muxTel, BKodaromiei 25 % Na,SO4 u 15 % C, moirydeHHOro IpH ONTUMAaIIbHBIX YCIIOBHSIX
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Pucynok 3 — I3MeHeHue Beca KeKa B 3aBHCUMOCTH OT KoHIeHTparuu Na,S, XK:T (1,2 —3:1; 3,4 —4:1)
u nponospkutensHocTH (1, 3 — 1 95 2, 4 —2 4) npu pa3iuyHbIX TeMIepaTypax, ’C:a—25;6-50;8—75;T—90
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3:1 mo 4:1 camxaet Beixox keka Ha 0,6-2,4 % (pucyHok 3 6).3aKOHOMEPHOCTH THAPOMETAILTYPrUIeCcKOro
mporiecca nepepadoTKu criéka mpu 75 °C CBHIICTEIBCTBYIOT O TOM, UYTO BBIXOJI K€Ka CHHXKACTCS B MHTEP-
Bayne 12-15 % (pucyHok 3 B). YBenuueHUe MPOI0JDKATEIHFHOCTH BhIMISTAUUBaHUS CcIiéka oT 1 70 2 9acoB
yMeHbIIaeT Beixoa keka Ha 1,4-4,0 %. Usmenenuem otHommenus JK:T ot 3:1 mo 4:1 onpeneneHo, 4to B
3TOM Juamna3oHe BBIXOJ Keka cHuxkaercs Ha 0,4-3,8 %. M3yueHue 3aKOHOMEPHOCTEN MOBBILLIECHUS TEMIIE-
paTyphl TpoIiecca BhIMeTaduBaHus CIIEKoB 10 90 °C nozBommTo OTIPEJICIINTh, YTO YBEIMUCHUE KOHIICH-
Tpanuu cepructoro Harpus oT 0 10 2,0 MOJIB/J BIUSECT HA CHUXKCHUE BBIXOJa Keka B mHTepBaie 12-16,5 %,
YBEIMUYEHHE TMPOJOHKUTEIHHOCTH BBIIIENAYMBaHUA OT 1 O 2 YacoB yMEHBIIaeT BBIXOA keka Ha 0,4-
4,8 %. Usmenenue orHomeHus JK:T ot 3:1 10 4:1 mo3BoJIsIeT CHU3UTh BBIXOJ Keka B Auanaszone 0,4-3,4 %
(pucyHOK 3 1).

B cocTaBe kekoB BhIIIETaUUBAHUS TTPU 25 °c IIPY TIOBBIIICHUU KOHIeHTpanuu Na,S ot 0 10 2,0 Mosb/1
HaOJIfoMaeTCs yBEIMYCHUE conuepykaHus cBUHIA OT 8,56 mo 9,7 %, nmuaka ot 0,249 mo 0,4%, mMemu ot
0,084 no 0,128 %, mpu 3TOM coaepXaHHs B KeKax COCIUHEHMH METallJIOB, KOTOPHIE PAacTBOPSIOTCS B
CyNb(UIHO-IIEIOYHBIX PACTBOPAX, HECKOJIBKO CHUXKAIOTCS: s Oapust ot 7,44 no 7,1 %, nns xkenesa — oT
5,106 1o 4,65 % (pucyHok 4 a). Kek mocie BblmenaunBanus npu Temneparype 50 °C oGoramaercs mo
cBuHIy 0T 8,56 10 10,6 %, muaKy oT 0,249 1o 0,5 %, memu ot 0,084 mo 0,141 %, mpu dTOM coaepKaHue B
Keke Oapus cHmxaercs ot 7,44 mo 7,0 %, xeneza — ot 5,1 mo 4,55 % (pucynok 4 0). CocraB keka
BEIIIIEITAYUBAHUS CIIEKOB TPU TeMIieparype 75 C takKe 3aBHCHT OT KOHIIEHTPAI[MH CEPHUCTOTO HATPUS:
mpu e€ moBeimeHuu oT 0 mo 2,0 MoiB/ comepkaHue cBUHIA Bo3pacTaeT a0 13%, muaka — 1o 0,35 %,
Meru — 110 014 %. Ilpu 3TOM HECKOJIBKO CHUKAIOTCS COACpKaHUs B Keke Oapus u skeneza — 10 ot 6,9 1o
6,3 u ot 5,09 no 4,4 %, COOTBETCTBEHHO (PUCYHOK 4 B). YBEIHUCHUE TEMIIEPATyphl MPOLIEcca BhIIIEIA-
upBanus criekos 10 90 °C mo3Bommio OTIPECITUTH, YTO COCTaB KEKOB PE3KO 000TaIIaeTcs: 0 CBUHILY — JI0
40,14 %, uuaky — g0 1,07 %, meau — mo 0,424 %. [Ipu TOBBIINICHNN KOHIICHTPAIIMU CEPHUCTOTO HATPHUS

10 1 7n [ 082

M’J/*’J Za [ 04 &l
Ph 048

E 036 044

=

= _ Pb
o - &=
; 03 ¥ $ o0 04 =
z 8 ; g £
- = 5 036 2
= Ba 028 = & g a
- s & . & g B 032G
= 4 = = a :
= 024 = g g
= s E _ e & . 028 &
& H T 7 z
= = £ 5
g 6 02 E_ g 024 g
é ¥ E ] 02 E
s 016 3 S i
= Fe = =
O, Fe 0,16
5 — o Cu
o 0,12
4 F] 0,08
0 04 08 10 20 0 04 08 10 20
a Konuentpamna Na.5, moania 6 Konnentpamna Na,S, Moasin
14 04 1 12
13 37 Ph i
Zn | o35 o
.12 Pb - 33
= P # 1,
£n _g' § 29 P
] 0.3 g 09 £
= = %
210 . 225 .
K] < 3 08 &
2y 015 § e | 3
= 3 b
£ s £ 07w
£s g g £
£ Ba 02 & g 0s &
£ I——.\.‘ﬂ*- 2 g3 g
S . ~ S z 05~
0,15 Ba Cu
s s 1 Fe 04
4 0,1 1 — 03
] 04 08 1,0 15 20 0 04 08 1.0 1.5 20
B Konuenrpanus Na,5, moanla T Konnentpaunn Na,S, soas/a

PucyHnok 4 — 3aBUCHMMOCTH U3MEHEHUS COJEPAKAHUSI METAIUIOB B KEKaX BBIIIEIa4MBaHUs OT KOHLEHTpauuu Na,S
IIpY TEMIIEpaTypax, C:a—25;6—50;B—75;1—90. X:T =4:1
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ot 0 mo 2,0 Mok/1 conepkaHue CBUHIIA Bo3pacTaeT Ha 12-14 %. CregyeT oTMETHTh, UTO MpOIecC Iepe-
X0/la COeMUHEHUN Oapus B CyJNb(QUIHO-IIECIOYHON PacTBOp MHTCHCHUDHUITUPYETCS, COAepKaHue Oapus u
JKeJe3a MPH TMOBBIIEHUH KOHIIeHTpanuu Na,S ot 0 10 2,0 MoJib/a yMeHbIaercs ot 6,9 no 1,15 no 6apuro
u ot 5,09 10 2,0 % mo xemne3y (pUCYHOK 4 T).

[Ipu ananm3e 3aKOHOMEPHOCTEH HM3MEHEHHWS COJIEp)KaHHs IIBETHBIX METAJUIOB B KEKaxX BbINIETa-
YUBAaHUS HEOOXOIMMO OTMETHTH, UYTO B ATHX IMPOMYKTAaX IMPOUCXOIUT YBEIMUEHUE COMCPIKAHMS TAKUX
TSDKEIIBIX I[BETHBIX METAJUIOB, KaK CBUHEI, IIUHK, MeIb B 4,5-5,5 pa3, comepikaHus Oapuisi U Kele3a B
KeKax CHuxarorcs B 4,5-7,5 pas.

DIIeKTPOHHO-30HIOBBIC HCCIICIOBAHUS TIOMYUYCHHBIX IIOCIIE BBIMIEIAYNBAHUS KEKOB (PHUCYHOK 5)
MOJTBEPIUIA 00OTAIICHUE MO TSHKEJBIM IIBETHBIM METaJlJlaM, TaK KaK THOCOCIUHEHUS U CYJNb(UIBI ITUX
METAJJIOB HE PACTBOPSIOTCSA B CYJIb(UIHO-IIEIOYHBIX PACTBOPaX, MPOUCXOIAUT HAKOIJICHHE CYIb(UIOB
CBUHIIA, IIMHKA U MEIH.

————0.2mmAg L 0.2 mm Ba L 0.2mmPb M

Pucynok 5 — Mukpodotorpadpus npodst keka (COMPO, x250) ¢ noanemenTHeIM KapTupoBanueM (EDS, x250):
1 — ranenut; 2 — kBap1; 3 — ruajgodan

OTMeueHO, YTO THOCOCIUHCHUS Oapuvs W jKeje3a MPU BBIMCIAYNBAHUUA TIEPEXOAT B CYIb(PUIHO-
HIEJIOYHOW pacTBOp HanOoJiee WHTEHCHBHO INPH BBICOKMX TEMIIEpaTypax, BCIEJCTBUE YETrO0 ONTUMAllb-
HBIMHU YCJIOBHSIMHU 3TOH ONEpaliy ciieayeT cuutarh temmeparypy 90 °C, ornomenue XK:T = 4:1, mpomon-
JKUTEIbHOCTH 2 Yaca. Temmeparypa BbimenaunBanus crneka 90 C Heo6XoauMa U Tpolecca IepeBoia
cynbduaa BaS B pacTBop, Tak Kak ganee 0apuii ocaxkJaeTcs U3 CyJIb(PUIHO-IIEIOUYHOTO PACTBOPA.

BobiBoabl. BhITIONHEHHBIE HCCIICAOBAaHHS MO BBINIEIAYMBAHHUIO CIIEKa, MMOJNYYSHHOTO MPH TEMIIe-
patype 850 °C, Biaepike 2,5 uwaca, comepkanuu B mmxte 25 % Na,SOy, 15 % yrmepoacomepikaniero
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BOCCTAHOBUTEIIS, TIOKA3aJIH, YTO YBEIWYEHHE KOHIEHTpaluu cepHucToro Harpus oT 0 mo 2,0 Momb/n
CrocoOCTBYEeT HWHTEHCHU(UKAIIMA PACTBOPEHHS, CHIDKCHHIO BBIXOAA KEKa, IMOBBIMIEHUIO COJEPKAHH
CBUHIIA, IIMHKA, MeaH B 4,5-5,5 pa3. Coaeprxanue cBHHIIA B Kekax qoxoaut 1o 40 %, nunaka — go 1,07 %,
menun — 1o 0,42 %. IlpoBeneHne BOCCTAaHOBUTENBHOH IUIABKM TAaKOTO MPOMYKTa IO3BOJHUT IONYYUThH
YEPHOBOW CBUHEII, BKIIOYAIOIINN cepeOpo, M IMHKOBBIC IIIJIAKH, U3 KOTOPBIX STH METAJIbl U3BIEKAIOTCS
TpaAWIMOHHBEIMU crioco0amMu. BemeacTBue Toro, 4ro Oapuii HEOOXOAMMO H3BJIEKATh W3 CYyJIb(HIHO-
IIEJIOYHOTO PacTBOpa ONTUMAILHBIMH YCIIOBHSMH BBIIICTaYMBAHUS SBISIOTCS: TeMIepaTrypa Ipolecca
90 °C, otnomenne X:T = 4:1, npogomkutensHocTh 2 daca. Cynbdug Gapus IepexomuT B PaCTBOP MPH
3THX YCJIOBUSAX MPAKTHYECKH TOJTHOCTBIO, JAee OCaXKIAeTCsl U3 CyNb(OUIHO-IIEIOYHOTO pacTBOpa s
JTANbHENIIIETO N3BJICYSHUS METAIUTMYECKOTO Oapus.
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JI. B. CokoJgioBckasn, C. A. KBarkoBcknii, A. C. CemenoBa, JI. I1. Kum, P. C. Ceilicem06aeB
AK «Meratyprus jxoHe KeH 0aibITy MHHCTUTYThI», AnMatel, Kazakcran

TOTBIKKAH KOPFACBIH-MBIPBIIITHI BAPUTTI KEHIHIH KYUIHIICTH
CYJbOUATI-CIUITLII EPITIHAVIEY AIH 3AHBIJIBIKTAPBI

AHHOTANMSA. AJalinai KCHOPHBIHBIH TOTHIKKAH KOPFACHIH-MBIPBIIITEI OAPUTTI KEHIHIH KYHIHIICIH CyIbGUATI-
cinTini epitimmineynin 3ammsuIbIKTaphl 3eprrenm. Kyitinminep 850 °C temmeparypackinaa, 2,5 caraT ycTaHbIMIA
AJBIH]TBL, KOJKIaMaHBIH KypaMbl 25 % NaySOy, 15 % KeMipTeKTi TOTHIKCHI3AarbIll. TOTHIKKaH KeH KYHIHIICIH epiTiH-
niney mponecinin 6axpuiayst 25, 50, 75, 90 °C TemnepaTypanapsisia Kyprisinii, KyKipTTi HATPHil KOHIIEHTPALUACK!
0; 0,4; 0,8; 1,0; 1,5; 2,0 moms/n, epiTinainey y3akTeuibiFbl 1 xoHe 2 caraT, K:C karbiacer = 3:1 + 4:1. Dnekrpiri-
30HATH OaKpUIAy KYHiHIIHI, CY3iHAIHI epiTiHALIeY Ke3iHIe aybIp TYCTI MeTallapblH THAPOMETAILTYPTHSIIBIK OHILY-
Jle THOKYPBUIBIMHBIH Taiga 00y Ke3iHae cynb(pUATI-CUITLN epiTiHAine Tapalasl, Cy3iHai, KOPFACHIH, MBIPBIII MBIC
cynbpuarepine ereni. Ayslp TYCTI MeTaJiapblH CY3IHAIAE >KHHATYBI oTexdl, %: KopracklH 40 % ameiiH, MBIpHII
1,07 % neitin, mbic 0,42 % neitiH, COHBIMEH KaTap Kapa KOPFachiH KOHE MBIPBIII KOXKbIH €PEKIle dICIIeH aly >KOJIbI
enzenyzae. Cy3inaizeri TycTi Metanaapasly Kypamsl 4,5-5,5 ecere sxorapbutaiiiel. THIMII xKaFnaiia TOTBIKKaH KeH
Ky#iEmicin epitinaineyni xyprizy: 90 °C temmeparypacsinga, K:C = 4:1 KaThIHACHIHIA, HATPHI CyTbOUIIHIH KOH-
ueHrpanusce! 2,0 Mo/, 6apuil KOCHIHIBICHIHBIH CYJIb(QUITI-CUITLI epiTiHAIre TOJBIKTall OTyiH KaMTaMachl3 eTel,
OapuiinaH COH coja CHSKTHl 0apuil KapOOHATBI TYHAJbl, OApPJIBIFE J]a METaIbl OApUii/Il aly YIIIHTI Heri3ri HIMKi-
3arTap Oouibill TaObuTazbl. THOTY3Nap METAILTYPrHUsCHIH KOJJIaHy dfici Oapiblk Oarayibl KOMIIOHEHTTEPl Tayapiibl
OHIMI€ OTKi3y OapbICBIH/IA TOTBIKKAH KOPFAaCBIH-MBIPHIIITHI OAPUTTI KEHIH OHJCYAIH MACeJeCiH LIEUIyre CEenTiriH
THUTI3e.

Tyiiin ce3mep: KyHeKeHTEKTEY, TYCTI MeTajiap THOTY3bl, HATpUH cynbdui, 6apuii cynspuni, cyabpuari-cii-
TiJi epiTiHgl, epiTiHAiNeyY, CY31HIIHIH IIBIFBIMEL.
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