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BALKHASH COPPER-SMELTING PLANT SULFURIC ACID
WORKSHOP’S SLIME COMPOSITION

Abstract: The production of copper from the charge at the Balkhash copper smelting plant is carried out according to the following scheme:
melting in a molten bath — matte conversion — copper refining. In this case a number of technogenic formations (slags, dust, gases,
solutions and slimes from flushing gases, copper electrolytic slimes) are obtained, wherein contained in the charge various elements are
concentrated. Separate formations either are already raw materials for the extraction of certain elements, or they are considered as raw
materials for other elements. Now from copper electrolytic slime the plant produces Au, Ag, Se, from the gases - H,SO,. The device for Re
extraction from solutions of flushing gases is designed. The solutions contains in addition to Re also the elemental Se of red modification.
The project covers cleaning the solution from solid suspensions and Se (slime). This slime can be considered as a raw material for Se
extraction. Now there is no technology for obtaining Se from such slimes. As a rule the development of any technology for the extraction
of metals begins from study of raw materials. The purpose of this work is to study the chemical, phase and granulometric composition of
the slime formed during flushing of the gases. Studies were carried out on a sample of slime separated from industrial solutions. Slime
was studied by various methods of analysis: X-ray fluorescence (XRF); chemical; X-ray phase diffraction (XRPhD); infrared spectroscopy
(IRS); sieve. In the slime were found 18 elements (Pb, Se, Re, Al, Si, S, Ca, Fe, Cu, Zn, Sr, Cd, |, Hg, Ni, Br, Bi, As), which content varies
in a wide range. The slime-forming element is Pb (57.87 % by weight), the content of other elements interesting for their possible recovery
as follow, % by weight: 4.6 Se, 0.14 Re, 0.33 |, 0.57 Hg. According to the XRPhD data in the slime basic compound is PbSO, (92.8 %),
there are selenium compounds: PbSeO, (4.8 %) and very small amounts of elemental selenium of three modifications (0.4, 0.9 and 1.1 %).
The presence of PbSO, and PbSeO, compounds is confirmed also by IRS method. But in addition to the named compounds, in the slime
there are other compounds that contain groups SeO,*, CH,, CH,, C=0 (of yet unidentified compounds). The granulometric composition of
the slime is represented approximately 48.4 % by particles smaller than 0.4 mm, into which 47.84 % of Pb, 47.45 % of Se, 55.31 % of Re
are recovered. The results obtained will be used to substantiate the method for selenium recovery from the slime into the solution, taking
into account the properties of its compounds. Nevertheless, studies on the specification of the substantial composition of Se contained
in the slime must continue. It was not possible to determine all the selenium-containing compounds because of its insignificant content in
the slime compared to lead.
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Introduction. In Kazakhstan, at the copper smelt-
ers of the Corporation Kazakhmys: (Balkhash - BCSP
and Zhezkazgan - ZhCSP), ore is being processed
from various deposits containing along with copper,
Re, Os'’, Se, Au, Ag, Zn, Cd, TT and other elements.
When pyrometallurgical processing of copper charge
and matte, electrolytic production of commaodity cop-
per from rough sulfur and some metals are concentrat-
ed in different technogenic formations: in solutions of
washing off metallurgical gases (industrial terminol-
ogy: washing sulfuric acid), dusts, copper electrolytic
slimes and slime of sulfuric acid workshop (SAW).
In particular, Re and Os'*" concentrates mainly in
washing solutions, Se, Au, Ag - in copper electrolyt-
ic slimes. At present, NH ,ReO,, Os'’, H SO, (ZhC-
SP), Au, Se, Ag and H,SO, (BCSP) are obtained from
these technogenic formations at the plants. From the
dust and slime of sulfuric acid workshop no metals
are recovered: the slimes are dumped, the dust is peri-
odically stored, and is sent to China.

It should be noted that the processing of copper
charge on the target metal and the washing of met-
allurgical gases of BCS significantly differ from the
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ZhCSP. First, the charge melts in Vanyukov’s fur-
naces, and secondly, the preparation of metallurgical
gases to produce sulfuric acid from them is conduct-
ed without circulation of washing solutions and their
sedimentation from the slime. According to BCSP
data, up to 1400 m* of washing solutions are daily
discharged to the treatment plant (hereinafter: solu-
tions of the sulfuric acid workshop BCSP - SAW
BCSP), with which 2-3 tons of rhenium are lost per
year (ZhCSP dumps 100 m* of solution per day). Em-
ployees of the Institute of Metallurgy and Benefica-
tion developed and tested on a semi-industrial scale a
technology for extracting rhenium from solutions of
SAW BCSP with the production of ammonium per-
rhenate and rhenium acid. [1] The technology pro-
vides for the purification of solutions from slime, the
content of which varies from 0.0805 to 0.5998 g/dm°.
The developers of the technology in the process of
carrying out rhenium work have established the pres-
ence of selenium in solutions and slimes, with which
about 20 tons of metal are lost per year. “Corporation
Kazakhmys” carries out the design of the site at BCSP
to extract only rhenium from the SAW solutions to
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produce ammonium perrhenate. The question of ex-
tracting selenium did not stand. Consequently, a sig-
nificant amount of it, already extracted from mineral
raw materials, will be discharged to treatment facili-
ties, as does rhenium from 2006.

Considering that in the technology of rhenium
extraction from SAW BCSP solutions, the slime con-
taining selenium is provided for, and the production
of selenium from copper-electrolyte slimes BCSP and
ZhCSP exists at the plant; expansion of its use in var-
ious industries [2, 3] involvement in the production
of selenium-containing sediment of SAW in a timely
manner.

But as of today, according to the analysis of avail-
able publications [2-10], the existing technologies
for extracting selenium from slimes of the SAW of
copper plants are absent, research works on their
development are very insignificant [11-14]. In the
world practice, up to 90 % of selenium is obtained
from copper electrolytic slime, 10 % from slurries
of pulp and paper and sulfuric acid production of the
chemical industry [2-5]. The transfer of technologies
for the extraction of selenium from copper electro-
lytic slime to the slime of SAW copper plants is not
possible because of their different qualitative and
quantitative compositions. Probably, and the material
composition of selenium. In the scientific and tech-
nical literature there is sufficient information mainly
on the chemical and material composition of copper
electrolytic slimes [4-9]. In [6], the real composition
of selenium contained in these slimes is also given.
Concerning the slime of the SAW of non-ferrous met-
allurgy plants, the information is very limited. Data
are mainly given on the content of the basic elements,
for which either technologies are developed for their
extraction, or payment is made by the consumer plant
to the supplier plant. In particular, this applies to lead.
The data on the forms of selenium in the slimes of
the SAW of copper plants in the periodicals available
to us, technical and educational literature were not
found. The material compositions of the SAW slime
and selenium contained therein, taking into account
the chemical properties of the compounds, are neces-
sary for a rational choice of the method and reagents
for the recovery of selenium from the slime and the
production of metal.

The purpose of the work - determination of the
qualitative, quantitative, granulometric and substantial
composition of the slime contained in wash solutions
of SAW BCSP (SAW BCSP slime, sometimes sedi-
ment).

Experimental part. Materials: SAW BCSP solu-
tions and slimes extracted from them.

Analysis technique. X-ray fluorescence (XRF)
(spectrometer with wave dispersion Venus 200 PAN-
alyticalB.V.), chemical (atomic emission spectrometer
Optima 2000 DV, USA, PerkinElmer), X-ray phase
diffraction - XRPhD (diffractometer D8 Advance,
BRUKER), infrared spectroscopy (IRS) (Thrillo Ni-
colet Avatar 370 FTIR Spectrometer FT-IR spectrom-
eter), sieve. All devices passed the State verification.
The identification of compounds and their groupings
was carried out according to data from directories and
books [15-20].

Experiment procedure. The SAW BCSP solutions
were selected before being dropped onto the treatment
plant from the Venturi scrubber cone. To conduct a
visual analysis of 1 dm? of the average daily solution
(the solution was taken hourly), it was kept for 30
days (720 h) in a glass container without stirring.

Due to the notable absence of sediment (0.0805
to 0.5998 g/dm?) in solutions, the studies were car-
ried out on a sample obtained during semi-industrial
tests of sorption technology of rhenium extraction.
[1]. Fresh solutions for processing were monthly re-
leased with an interval of 10 days. From each batch
of the solution, a precipitate was filtered off, which
was washed with water to pH = 6 on the filter, dried to
constant weight at 105 °C. The dry precipitates were
combined, thoroughly mixed, averaged by quartation
[21].

Results and discussion. Figure 1 demonstrates
the images of SAW BCSP solution at the time of se-
lection (Figure 1a), after settling for 2 h (Figure 1b)
and 720 h (Figure 1c). As appears from the figure the
initial solution is cloudy, white-pink, these character-
istics gradually changed in time due to precipitation.
In such a manner, after 2 hours of sedimentation, the
solution became much lighter with the predominance
of pink color (Figure 1b); in the clarified solution
fixed a light suspension of red color. The sediment is
represented by layers and impregnations of different
colors and densities. Color of the layers: mostly light
and dark reddish; white - minor blotches, black - sin-
gle blotches. Bluish hue - background surface. The
bottom layer of the sediment is compact, above it -
loose. After 720 hours (30 days), the solution is clear,
colorless (Figure 1c), the compact is not uniform, the
lower layer is white, the upper layer is red, there are
insignificant inclusions of black color. Taking into ac-
count the available information, it can be stated a pri-
ori that layered precipitation from solutions and their
different colors are due to the presence of lead red
sulphate and elemental selenium in the red modifica-
tion [5, 7].

43



Complex use of mineral resources. Ne 4. 2017.

b — after 2 hours of
sedimentation

a — at the time of selection

¢ — after 30 days of sedimentation

Figure 1 — External view of the solution

The ruddy color of the combined sediment ob-
tained from different batches of solution changed to
black after drying. The sediment is soft, crumbly.

However, at preparing the sediment for analysis
by XRF method, it was observed that the consistency
of the sediment changed during grinding: it became
viscous, which did not allow us to conduct the anal-
ysis. In this regard, it was first washed with alcohol,
then with water and again dried at 105 °C. The color
of the alcohol filtrate is dark brown, the colorants are
colorless. After removing the alcohol from the fil-
trate evaporated in a water bath, droplets of a viscous
brown liquid formed (Figure 2), which after cooling
to room temperature was transformed into a tar-like
mass.

Figure 2 — The remaining phase after removing alcohol from the
filtrate from slime washing
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An effort of determining its phase composition of
IRS was unsuccessful: in electronic libraries of spec-
tra, a similar connection was not found. Neverthe-
less, group-structure analysis revealed the presence
of groups characteristic of aliphatic hydrocarbons
(stretching vibrations v CH,, CH, - 2956, 2925, 2855
cm’!, deformation vibrations 6 CH,, CH, 1466, 1378
cm’', p CH, — 723 cm™ [16]); C=0 (1710 cMm'[16]);
SO,* (1244,1202, 1087, 1051, 624, 587 cm™ [17]);
ReO,” (919 cm™); Se0,* (805 cm™[17]), SeO,* (910-
805 cm for the PbSeO, compound) [18].

The washed sediment was analyzed by the
methods: XRF and chemical only on the elements of
interest (Table 1); XRPhD and IRS (Figures 3, 4).

Table 1 — Chemical composition of the slime extracted from the
SAW BCSP solution

Content of flements, X-ray quoregcence Chemical analysis
wt. % analysis

Pb 57.87 56.40

Se 4.60 4.60

Re 0.14 0.12
Al 0.03

Si 0.23 0.60
S 7.78 9.91

Ca 0.34 0.44

Fe 0.08

Cu 0.28 0.30

Zn 0.35 0.30
Sr 0.08

Cd 0.15 0.09
I 0.33

Hg 0.57

Ni 0.02

Br 0.01

Bi 0.32

As 0.15

According to the XRF analysis data, 18 elements
with widely varying content were found in the slime.
The slime-forming element is Pb (57.87 wt %), the Se
content is 4.6 wt %. The content of other elements in
terms of their possible recovery is, mass. %: 0.14 Re,
0.33 I, 0.57 Hg. The observed scatter of the numeri-
cal contents of elements detected by both methods is
probably a consequence of the human factor and the
precision of the methods.

As appears from XRPhD data (Figure 3), two lead
compounds are contained in the slime: PbSO, (92.8 %),
PbSeO, (4.8 %); three modifications of selenium in
very small quantities (0.9 %, 1.1 %, 0.4 %).
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Slime diffractogram — black; diffraction reflexes: red — PbSO,, yellow — PbSeO, turquoise, blue, pink - elemental selenium of different modifications

Figure 3 — Diffractogram of washed dry slime

The IRS method (Figure 4) confirmed the pres-
ence of PbSO, (1175, 1057, 968, 632, 599 cm™) in
the slime [17]; PbSeO, (vibrations v, 910-805 cm
[18]); revealed the presence of the group SeO,* (801
cm’', the values of the vibrations v, and v, of this are
close and are manifested by one band [17]); groups of
aliphatic hydrocarbons: stretching vibrations v CH,,
CH, - 2954, 2924, 2854 cm ', deformation vibrations
8 CH, » CH, - 1456 cm ' [16]; C=0 (1732 cm™). The
carbonyl group band falls within the absorption range
of di-a-halogen-substituted aliphatic acids, saturated
aliphatic aldehydes, ketones [19, 20], B-lactams of
monocyclic, y-lactams of cyclic condensed [19]. The
presence of a carbonyl complex with bridging carbonyl
groups bound simultaneously with two metal atoms
is possible [19].

Transmission, %

3000 2000 1000 500

4000

-1
Wave number, cm

Figure 4 - IRS of washed dry slime

A comparison of the spectra of the organic phase
separated from the slime by washing it with alcohol
and washed slime showed the presence of identical
groups: SeO,*, SeO,>, CH,, CH,, SiO,. Unfortunately,
it is impossible to identify which compounds (with
the exception of PbSeO,) due to the absence of spec-
tra in electronic libraries, as mentioned above, spectra
similar to the slime. It can only be stated that there
are organic compounds in the slime. And they and
PbSeO, are poorly soluble in alcohol. Obviously, the
amount of alcohol was insufficient to wash out certain
organic compounds and PbSeO, from the slime, so
some of them passed into the alcohol filtrate, some re-
mained in the slime. The compounds with the groups
SO,* and ReO, from the slime were washed. Since
there is 1odine in the slime, it can be assumed that
there are iodized aliphatic acids in the slime.

The granulometric composition of the slime was
determined according to GOST 12536-2014 by the
method of dry sieve analysis. A sample of slime (300 g)
was sieved through a standard set of sieves. In each
class, determine the content of Pb, Se and Re. The
results are shown in Figure 5 and Table 2.

As appears from the histogram (Figure 5a) the
granulometric composition of the slime is represented
by particles of the particle size class from +0.16 to
-0.4 + 0 mm. But the prevalence (48.4 %) is mostly
particles of the class of size -0.4 + 0 mm. The con-
cave curve of the total yield of classes of size con-
firms the significant predominance of small parti-
cles in the slime. The content of the controlled ele-
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ments in classes of different sizes is almost identical:
Pb (56.7 - 58.1 wt. %), Se (4.00 - 4.51 wt. %),
Re (0.10 - 0.16 wt. %) (table 2). 47.84 % of Pb,
47.45 % of Se, 55.31 % of Re are extracted into the
smallest class of size.
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Figure 5 - The partial (a) and total (b) yield of grades of slime size

Table 2 - Content of Pb, Se and Re and their distribution according
to the slime size classes

(Content in the original slime, wt. %: 57.87 Pb, 4.60 Se, 0.14 Re)

Size classes Content of slements, Distributi_on of elements
mm ’ wt. % by the size classes, %
Pb Se Re Pb Se Re
+1.6 57.40 | 430 | 0.14 | 6.20 5.84 6.25
-1.6+1.25 58.10 | 411 | 0.10 | 1259 | 11.20 | 8.96
-1.25+1 5750 | 415 | 0.14 | 7.43 6.75 7.48
-1+0.8 57.70 | 400 | 0.14 | 512 4.47 5.14
-0.8+0.63 5740 | 405 | 0.15 | 8.06 7.16 8.71
-0.63+0.4 56.70 | 4.09 | 0.14 | 11.82 | 10.72 | 12.06
-0.4+0 5720 | 451 | 0.16 | 47.84 | 47.45 | 55.31
WToro: 98.76 | 93.59 [103.91

Conclusions. 18 eclements (Pb, Se, Re, Al, Si, S,
Ca, Fe, Cu, Zn, Sr, Cd, 1, Hg, Ni, Br, Bi, As) were
found in the slime of the sulfuric acid workshop of
the Balkhash copper smelting plant, varies in a wide
range. The slime-forming element is Pb (57.87 % by
weight), the content of other elements of interest in
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terms of their possible recovery is, %: 4.6 Se, 0.14 Re,
0.331,0.57 Hg.

The presence of two lead compounds in the slime
of PbSO, (92.8 %) and PbSeO, (4.8 %) was estab-
lished by XRPhD and IRS methods.

Selenium in the slime can be found in the
elemental state of various modifications as well, but
in insignificant amounts (0.4, 0.9 and 1.1 %, XRPhD);
and in the form of some kind of compound, in the
composition of which there is SeO,* (IRS).

Organic compounds of the class of aliphatic acids
(IRS) are also found in the slime.

Slime by 48.4 % is represented by particles of the
size class -0.4 + 0 mm, into which 47.84 % of Pb,
47.45 % of Se, 55.31 % of Re were recovered.
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TYWIHOEME

Bankaw mbic 6ankpITy 3aybITbiHAA LUMXTaAaH MbIC any: CyMblK BaHHaAa — LUTEWHAbl KOHBEPTNey — MbIC Ta3anay cbi3ba 6onblH-
Wwa Xy3ere acagbl. byn xargavpa wyxta KypambliHaa 6ap apTypni anemeHTTepMeH GanbiTbiNnaTbliH TEXHOrEHAK Ty3inimaep (Lwnakrtap,
LaHaap rasgap, MeH epiTiHainep) anbiHaapl. XKeke Tysinimaep kenbip anemeHTTepai eHaipyre Wuki3aT TypiHAE kapacTbipbinaabl. Kasipri
Kesie 3aybiTTa MbIC3MEKTPONUTTIK WwnamHaH Au, Ag, Se, H,SO,— rasnapaaH eHaipeai. Masgap wavbinfad epitiHaiaeH Re eHaipy koHAabl-
prbicbl xxobanaHagbl. EpiTiHgine Re 6acka anemeHTTik Se Kbidbin mogndmkaumscel 6ap. XKobaga epiTiHAiHi KaTTbl kocna meH Se (Lunam)
Tasanay KkapacTbipbiiFaH. byn wnamabl Se eHAipy YLWiH LWKki3aT TypiHAe KapacTeipyra 6onagel. byriHae ocbiHaan WwnamMHaH Se eHaipy Tex-
Honoruscbl oK. Epexxe GolibiHIWa, MeTangapabl eHAIPYAIH Ke3 KernreH TEXHOMNMOTUACHIH Xacay LUMKi3aTTbl 3epTTeyaeH 6actanagpl. XXymbic
MakcaTbl — ra3fibl LWato Ke3iHAe TY3INeTiH LWNaMHbIH XUMUSTbIK, dasarnblk )KeHe rpaHynoMeTpUsinbIK KypaMbiH 3epTTey. 3epTTey eHAipicTiK
epTiTiHainepaeH GeniHreH wnam ynriciHge xyprisingi. LUnamra capantama apypni agictepmeH: peHTereHaik dnyopecueHTTiK, XUMUATBIK,
peHTreHaik asanblk, MHPpaKbI3blN CNEKTPOCKONUSANbIK XaHe eney xyprisingi. LUnamaa menwwepi keH aykbiMaa e3repeTiH18 anemeHT Gap
ekeHi aHblkTanfaH. LUnam Ty3eTiH anemeHT Pb (57,87 mac. %) 6onbin Tabbinagel, onapAbl ©HAIPY MYMKIHLUINIM XXafFblHAH KbI3bIFYLUbIMbIK
TaHbITaTbiH 6acka anemeHTTEp Menwepi Mmac. %: 4,6 Se, 0,14 Re, 0,331, 0,57 Hg kypangbl. PeHTreHaik cdasanbik capantaMma 6onbIHLLA
WwnamHblH HerisiH PbSO, (92,8 %) KocbinbiChl Kypanpl; xaeHe Ae ceneH Kocbinbickl: PbSeO, (4,8 %) MeH a3 Meswepae 3MeMeHTTIK ce-
neHHiH yw moamndmkaumacel (0,4; 0,9 n 1,1 %) 6ap. PbSO, meH PbSeO, KocbinbicTapbiHbiH 6ap ekeHAiri MHppaKbI3bin CeKTPOCKONUAMEH
e panenpexreH. 47,84 % Pb, 47,45 % Se, 55,31 % Re eHAipineTiH, LunaMHbIH rpaHynoMeTpusnblk kypambl 48,4 %-bl menwepi 0,4 MM
keM emec GenLiekTepaeH Typaabl

TywniHgi ce3aep: epiTiHAiINep, WNaM: aNeMeHTTIK, KypaMbl, CaHAbIK, 3aTTbIK, FPaHYNTOMETPUATbIK

PE3IOME

Ha Banxaluckom megennasunbHOM 3aBOAE NOMyYeHNe Meam 13 LUMXTbl OCYLLECTBMAETCS MO CXeMe: MaBKa B XUAKON BaHHE — KOH-
BEpTMPOBaHNe LWTenHa — paduHnpoBaHne meau. [Npun aTom nonyvaeTcs psf TEXHOreHHbIX 06pa3oBaHWi (Lnak, Nbinu, radbl, PacTBOpbI 1
LUNambl OT MPOMbIBKM ra30B, MEAE3NeKTPONUTHbIE LNambl), B KOTOPbIX KOHLEHTPUPYHOTCSA pasfnnyHble aNeMeHThbl, coaepallmecs B LWmXTe.
OT1aenbHble 06pa3oBaHns NMOO YyxKe SBNAKTCS ChipbeM AN U3BMEYEHNA HEKOTOPbIX AMEMEHTOB, NIMOO OHM paccMaTpUBalOTCS B KayecTse
Cblpbs ANA ApYrX 9NeMeHToB. B HacToslee BpeMa Ha 3aBofe 13 MeAearneKTPOrTHLIX Wwiamos nonyyatot Au, Ag, Se, 13 rasos — H,SO,.
[MpoekTupyeTcsa ycTaHoBKa MO 13BneYeHnto Re 13 pacTBopoB OT NPOMbIBKY ra3oB. B pacTBopax kpoMe Re cogepxuTca u anemMeHTHbI Se
KpacHomn moandukauun. B npoekTe npegycMoTpeHa o4ncTka pactBopa OT TBepAbIX B3Becen 1 Se (Lnam). ATOT Lwam MOXHO paccmarpu-
BaTb Kak Cbipbe Ans u3BneveHust Se. Ha cerogHsILLHWA AeHb TEXHOMOMMK NonyyYeHns Se 13 Takvx LwnamoB HeT. Kak npasuno, paspaboTka
06O TEXHONOTMN U3BNEYEHNA METANNOB HAUYMHAETCA C U3yYeHNs cbipbs. Lienb HacTosLen paboTbl — M3yYeHne XMMMYecKoro, ha3oBoro
1 rpaHynoMeTpUYeCcKoro COCTaBoB Lunama, obpasytoLerocs npu NpoMbiBKe rasos. VccnenoBaHns NpoBoavny Ha obpasue Lwnama, Bblae-
TNEHHOro 13 NPOU3BOACTBEHHbIX PAacTBOPOB. LLnam nayvanu pasnnyHbIMU MeToAaMn aHanusa: peHTreHodNyopecLEHTHBIM; XUMUYECKNM;
peHreHodaszoBbiM (PDA); nHppakpacHoin cnektpockonuu (MKC); cutosbiM. B Liname obHapyxeHo 18 anementoB (Pb, Se,Re,Al, Si, S,
Ca, Fe, Cu, Zn, Sr, Cd, |, Hg, Ni, Br, Bi, As), cogepxaHune koTopbIx Konebnercs B LUMPOKOM AnanasoHe. LLinamoobpasytoimm anemeHTom
angetca Pb (57,87 mac. %), conepxaHue Apyrux afeMeHTOB, NPeACTaBNSoLMX UHTEPEC C TOYKM 3PEHUS MX BO3MOXHOIO MU3BIIEYEHUS,
cocrasnseT, Mac. %: 4,6 Se; 0,14 Re; 0,33 |; 0,57 Hg. Mo faHHbIM POA B Luiame 0CHOBHbLIM coeanHeHnem siBnsetcsa PbSO, (92,8 %); ecTb
coeaunHeHus cenexa: PbSeO, (4,8 %) 1 anemMeHTHbI ceneH Tpex MoanduKaumii B 04eHb HeaHauMTenbHbIX konndecteax (0,4; 0,9 n 1,1
%). Hanuuune coeaunnerunin PbSO, n PbSeO, nogTeepxaeHo n metogom VIKC. Ho kpome HasBaHHbIX COEAMHEHWI B LUMame ecTb Apyrue
coeaunHenus, cogepxatuve rpynnel Se0,%, CH,, CH,, C=0 (noka HeyCTaHOBNEeHHbIX COeANHEHNI). [paHynoMeTpu4ecknii CoCTaB Lwnama
npumMepHo Ha 48,4 % npepcTaBneH Yactuuamu pasmepom meHee 0,4 MM, B koTOopble m3Bnekaetcsa 47,84 % Pb, 47,45 % Se, 55,31 %
Re. Mony4yeHHble pesynbrathl ByayT ncnonb3oBaHbl Ans 060CHOBaHMA cnocoba M3BrnevyeHust ceneHa U3 wnama B pacTBOp C YYEeTOM
CBOWICTB €ro coenHeHnin. TeM He MeHee, UCCreaoBaHus No YTOYHEHUIO BELLECTBEHHOro cocTaBa Se, CoaepXallerocs B Lwname, Heobxo-
AMMO NpoAoIXUTb. M3-3a HE3HA4YMTENBHOIO ero coAepXXaHns B LWnamMe Mo CPaBHEHMIO CO CBMHLIOM YCTaHOBWTL BCE CeneHcoaepxallme
CcoeaVHEeHUs He NOyYnIoCh.

KnroueBble crnoBa: pacTBOpbI, LUMaM, COCTaB 3NIEMEHTHbIN, KONMMYECTBEHHbIN, BELLECTBEHHbIN, rPaHYNTIOMETPUYECKUIA, CEMNEH, CBU-
HeL, peHui
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